; ^ir!a Central l.iferarp; 

■ ].'l.L.i.4i ^ H.ri:astJ),aiii) ^ 

I 

Claw Nor- ^ 

-..B.okNo:- !’ 

A:.c..^or, Mo :- ^ 

,>'V ;3f t.iMiP> w-*»ai» .aM#* < 




The Chronica Botanica Co., International Plant Science Publishers 


Noleworlhy Books :— 

Baldwin: Forest Tree Seed.$5.00 

Bawden: Plant Viruses and Virus 
Diseases, third, entirely revised edition 6.00 
Camp ot al.: International Rules of 

Botanical Nomenclature. ,3.50 

Chardoii: Los Naturalistas en la 

America Latina, Vol. I. 4..50 

Chester: The Cereal Rusts. 5.00 

Clements, Martin and Long: Adapta¬ 
tion and Origin in the Plant World 6.00 

Condit: The Fig. 5.00 

C.opeland: Genera Filicum. 6.00 

Correll: Orchids of North America 

(shortly). 7.50 

Crafts, Currier, and Stocking: Water 

in the Physiology of Plants. 6.00 

Dachnowski-Stokes: Peat (in press)... 5.00 

Darwin: A Naturalist’s Voyage with 
^ the Be.agle (1839/1950) (in press) ca. 4.75 
P]lliott: Bacterial Plant Pathogens 

(in pr(‘-ss).ca. 6.00 

Erdtman: Introduction to Pollen 

Analysis. ,5.00 

Finan: Maize in the Great Herhals. 3.00 
Foxworthy: Forests of Tropical Asia 

(in press). 6.00 

P>ear: Chemical 1 Insecticides. 6.50 

Frcar: Chemical Fungicides and 

Plant Insecticides. 5..50 

Fulford: Bazzania in C. and S. 

America. 5.00 

Garrett: Root Disease Fungi. 4.50 

Guillierinond: Cytoplasm of the 

Plant Cell. 5.00 

(Junderwm: Families of Dicotyledons 

(shortly). 4.50 

Hoaglamf: Inorganic Nutrition of 

Plants. 4.50 

Honig, Verdoorn et al.: Recent Ad¬ 
vances in Tropical Biology and 
Agriculture (in press). 6.00 


Horsfall: Fungicides and their Action 5.00 
Howes: Vegetable Gums and Resins 5.00 
Jessen: Botanik der Gegenwart und 
Vorzeit in Culturhistorlscher 

Entwickelung (1864/1948). 6.00 

Johansen: Plant Embryology. 6.00 

Kelley : Mycolrophy of Plants. 4.50 

Knight: Dictionary of Genetics. 4..50 

Lloyd: Carnivorous Plants. 7.00 

Moldenke: Plants of the Bible (in 

press).ca. 6.00 

Murneek ct al.: Vernalization and 

Photoperiodism. 4.50 

Nickerson et al.: Biology of Patho¬ 
genic Fungi. 5.00 

Sarton: Guide to the History of Sci¬ 
ence (in press).ca. 5.00 

Schopfer: Plants and Vitamins. 5.00 

Sirks: The Evolution of Biology (in 

press).ca. 4.75 

G. M. Smith et al.: Manual of Phy- 

cology (shortly).ca. 6.00 

Stevens: Agricultural Plant Pathol¬ 
ogy (in press). ca. 4.75 

Vavilov: Selected Writings (in press) 

ca. 5.00 


Verdoorn et al.: Plants and Plant 


Science in Latin America. $6.00 

Waksman: The Actinomycetes. 5.00 

Wallace et al.: Rothamsted Sympo¬ 
sium on Trace Elements (shortly) 4.50 
Wilde: Forest Soils and Forest 

Growth. 5.00 

Wullf: Historical Plant Geography. 5.00 
ZoBell: Marine Microbiology. 5.00 


« « « 


CHRONICA BOTANICA, An Inter¬ 
national Collection of Studies in 
the Method and History of Biol¬ 
ogy and Agriculture (annual sub> 
scription). 7.50 

Special issues of Chronica Botanica which 
are available to non-subscribers :— 

Arber: Goethe’s Botany. 2.00 

Asmous: Fontes Historiae Botanicae 

Rossicae. 1.25 

BIOLOGIA, An International Year- 

Book (per annual volume). 4.75 

Browne: A Source Book of Agricul¬ 
tural Chemistry. 5.00 

Browne: Thomas Jefferson and the 

Scientihe Trends of His Time_ 1.25 

DeTurk (cd.): Freedom from Want, 

A Symposium. 2.00 

Howard: Luther Burbank, A Victim 

of Hero Worship. 3.75 

Jack: Biological Field Stations of 

the World. 2.50 

Lanjouw—Sprague: Botanical No¬ 
menclature and Taxonomy, A 

Symposium. 2.50 

Merrill: Mcrrillcana—Selected Gen¬ 
eral Writings. 4.00 

RaCnesque: A Life of Travels. 2..50 

Refxl: Jan Ingenhousz—Plant Phy¬ 
siologist . 3.00 

Riokett: Botanical Expedition to 

New Spain. 2.50 

Sainl-Hilaire: Voyages au Bresil. 2.00 

Stevens: Factors in Botanical Publi¬ 
cation and other Essays. 2.00 

Verdoorn et al.: Plant Science and 
Plant Scientists during the Sec¬ 
ond World War (in press).ca. 3.75 

Verdoorn (ed.): 2l8t World List of 
Plant Science Institutions and 

Societies (in press).ca. 4.00 

Wyman: Arboretums of North Amer¬ 
ica. 1..50 


* ♦ * 


Imports which we handle 

for the Americas only :— 
Lindquist: Genetics in Swedish For¬ 
estry Practice. 3.50 

Meyer-Abich (ed.): Biologie der 

Goethe-Zeit. 5.50 

Nelson: Introductory Botany. 3.75 

Verdoorn et al.: Manual of Bryology 9.50 
Verdoorn (ed.): Manual of Pterldology 11.00 
Weevers: Fifty Years of Plant Phy3- 
ology. 5.00 


Catahgue and Book Department List on Request 
The Chronica Botanica Co*, Walthanif MassacHueetU^ U,S.A, 































































A NEW SERIES OF PLANT SCIENCE BOOKS 

edited by Frans Verdoom 
Volume XXIV 


PLANT 

EMBRYOLOGY 




FIORi 

57. Jthrgiiio. 


N? 24 Regensbarg, 21. August 1874 

iBkRlt* E. FUiieher; fitltrftg* *ur Eubrjrolofie dcr tfonokotyleii iumI 
Dikotylea. (Kit Tafel VI, Vll, VIU.) > F. Arnold; LiefaenolofiRitf 
Fnf DMoto. XVII. — Braohlft togMinc*. 

••IlM* Tftfel VI, VU, Via 


Eduard Strasburger (1844-1912) 
Founder of Gytnnosperm embryology 

hdow: — title page of STRASBtntOEs's clasiiic account of the 
embryology of angiosperms and gymnosperms (Jena, 1879) 


DIE ANGIOSPERMEN 

UNO 

DIE GYMNOSPERMEN. 


Beitrilge snr Eabryologie der nd 

Hlfeofirlei*. 

Von 

Liumte. 

(Kit TWfei VI, vn, vm) 

Die Embryologie der Pflanzen ist fUr die Lftsuog vielerFra* 
gen ans dem Gebiete der Systematik aowohl, als auch der Mor- 
phologie nnd Pbyeiologie von solcber Wiehtigkeit, dais lie lehon 
selt eioer Reihe von Dcoennien dae loterease vieler Forscber 
gefetaelt hat. QleicbwobI »t bU in die oeueste Zeit ein niebt 
oDweientliober Tbeil denelben faat voIlsUndig bracb liegen 
geblieben, nftmlich derjenige, welcher licb mit der Feitstellaog 
undVergleichuDg der cinzelneo Entwiekeluogisobritte derPflaoze 
voo dem Punkte an beachilftigt, wo letztere als Individaam au 
etistiren beginnt, und diose Entwickelung bis zu dem Rnbezn- 
stande im reifen Samen verfolgt. 

FiObore Arbeiten habon in Bezug anf diesePeriodo derEnt* 
wlckclung bisweiien ein, meist nur nebenskcblicbes Interesse anf 
deren erste Stadien verwendet und betrefls der weitereo aich 
hdcbatens nm die Auebildung der kussereti Oeitalt bekttmmert, 

Flom Wi M 

From the first publication by Emil Fleischer, 
the founder of comparative embryogeny, 
who was then only twenty-five years old 


TON 


Dr. EDUARD STRAfiBUKOSR 

rtwiNM Ml M vmmiiriT mu 


VT tut nmR 


JENA 

TXELAO VOX GUSTAV FnCBKA 
mtmnammwm. 

m. 


Johannes Hanstxik (1822-1880) 

fhmier of ombrptockmia ond mibryofeMff> 




PLANT 

EMBRYOLOGY 

EMBRYOGENY OF THE SPERMATOPHYTA 


BY 

Donald Alexander Johansen 



WALTHAM, MASS,, U.SA, 

Published by the Chronica Botanica Company 



First published MCML 
By the Chronica Botanica Company 
of Waltham, Mass., U. S. A. 


Copyright. 1950, by the Chronica Botanica Co. 

All rights reserved, including the right to reproduce 
this book or parts thereof in any form 

New York, N, ¥•: Stechert-Hafner, Inc., 

31 East loth Street. 

San Francisco, Cal.: J. W. Stacey, Inc., 

551 Market Street. 

Toronto: Wm. Dawson Subscription Service, Ltd., 

60 Front Street West. 

Mexico, D. F,: Axel MoRinr. Sucrs., 

San Juan tie Letran 24-116; Ap. 2762. 

Lima: Libreria Internacional del Peru, 

Casa Matriz. Roza 879; Casilla 1417. 

Santiago de Chile: Libreria Zamorano y Caperan, 

Companfa 1015 y 1019; Casilla 362. 

Rio de Janeiro: Livraria Kosmos, 

Rua do Rosario. 135 137; Caixa Postal 3481. 

Sao Paulo: Livraria CiviLizAgAO Brasileira, 

Rua 15 de Novembro. 144. 

Buenos Aires: Acme Agency, Soc. de Resp. Ltda., 

Suipacha 58; Casilla de Correo 1136. 

London, W. C. 2: Wm. Dawson and Sons, Ltd., 

Chief Agents for the British Empire, 

Cannon House, Macklin Street. 

London, W. C. 1: H. K. Lewis and Co., Ltd., 

136, Gower Street. 

Uppsala: A.-B. Iatndequistska Bokhandeln, 

Drottriinggatan 2. 

Groningen: N, V. Lrven P. Noordhoff, 

Chief Agents for Continental Europe. 

Paris, VI: Librairie P. Raymann & Cie., 

17, Rue de Tournon. 

Basel: Wepf & Co., Verlag, 

Eisengasse 5. 

Torino: Rosenberg & Sellier, 

Via Andrea Doria 14. 

Madrid: Libreria J. Villegas, 

Preciados, 33. 

Lisbon: Livraria SA da Costa, 

100-102, R. Garrett. 

Moscow: Mezhdunarodnaja Kniga, 

Kuznetski Most i8. 

Peiping: French Bookstore, 

1/2 T'ai-chi-Ch'ang - Tung-chiao min-hsiang 

Tokyo: Maruzen Company, Ltd., 

6 , Tori-Nichome Nihonbashi; P.O. Box 605 . 

Calcutta, Bombay, and Madras: Macmillan and Co., Ltd. 

Johannesburg: Central News Agency, Ltd., 

P.O. Box 1033: Comer Rissik & Commissioner Sts. 

Sydney; Angus and Robertson, Ltd,, 

89, Castlereagh Street, Box 1516D.D. G.P.O. 

Melbourne, C. 1: N. H. Seward, Pty., Ltd., 

457, Bourke Street. 


Made and printed in the TJ. S. A. 



PREFACE 


A variety of circumstances indicated that the time was ripe for the prepara¬ 
tion of a comprehensive discussion and summarization of our knowledge of the 
embryology of gymnospermous and angiospermous plants. The available 
information is scattered through an amazing array of publications going back 
over a period of more than a century and printed in many languages. For 
neither group of plants has this information ever been brought together within 
the covers of a single volume, nor has it ever been correlated as a whole. 

For many years the need for such a volume has been acute. The vast 
literature appears to be useless to most investigators without integration and 
classification, while to others it seems to be totally unknown. As an example, 
a recent textbook on plant anatomy includes the statement that there is par¬ 
ticular need for intensive study of the origin of the root during embryogeny. 

Again, there has recently arisen an attempt on the part of certain persons, 
displaying a lack of acquaintance with the entire history of plant morphology, 
first to belittle the work of the more prominent embryologists, and second to 
establish an analogy between plant embryology and animal embryology. They 
disregard the fact that primate embryology, which they apparently have in 
mind, is essentially ontogeny; no recognized plant embryologist has ever 
entertained a corresponding conception with regard to the higher plants. If 
the detractors of plant embryology would only take the trouble to inform 
themselves from readily available sources, they would find that both the 
question of analogies between plant and animal embryology and that of the 
relationship of plant embryology to the other fields of plant morphology were 
settled decades ago. 

The treatment of embryological topics is restricted to a consideration of the 
following divisions: emhryagenesis, embryoteciofiics, embryogenergy and par¬ 
ticularly embryonomy. All other fields are excluded, although, for the sake of 
clearer comprehension, brief discussions of such topics as megagametogeny 
and fertilization are occasionally presented. Plant embryology is of consider¬ 
ably broader extent than is indicated by the four fields first mentioned. For 
instance, it includes such subjects as embryonic morphology, which is more 
conveniently considered from the standpoint of the related disciplines of 
anatomy and C3rtology, and' embryonic physiology, which most embryologists 
are content to leave to the tender mercies of plant physiologists. On the other 
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hand, plant embryology emphatically does not include such subjects as the 
structure and development of the ovule, megasporogeny and megagametogeny, 
microsporogeny and seedling anatomy. These come under the heading of 
plant morphology, precisely as embryology is itself a division of that science. 

It should be noted that the description of the embryogeny of a given species 
may, for convenience, be terminated at any stage preceding the final one of 
maturation, provided that the more important and significant phases are 
discussed. This, therefore, explains the apparent inconsistency in the compre¬ 
hensiveness of discussion of many species. 

The Gymnosperms, as has been maintained by Hagerup and others, do not 
constitute a natural group. They have, therefore, been separated into distinct 
phyla or divisions on much the same basis that the Algae have been divided 
into phyla. These phyla embrace the Cycadophytay Ginkgophyta, Conifero- 
pkyta and Ephedrophyia. The Anthophyta are treated as a unit, without 
segregation into the classical taxonomic groups. Dicotyledons and Monocotyle¬ 
dons. As will be explained in the text, there is no rigid embryological distinction 
between the two. Those who argue for the separation of the two ignore the 
fact that there are numerous species in both groups which are acotyledonous. 

Since emphasis has been placed on the rigid definition of terms in the present 
text, a glossary is apf)ended at the end. 

In every instance cited the original publication was consulted. No second¬ 
hand information is included; sources such as abstracts have been ignored 
since they are too often erroneous or do not present the requisite data. The 
sources that were consulted were confined to such as were available in the Stan¬ 
ford University Libraries, in the Biology Library of the University of Cali¬ 
fornia at Berkeley, and in the reprint collections of Drs. D. H. Campbell, 
L. L. Burlingame, G. M. Smith and the author. These sources were ordinarily 
adequate, but certain obscure or discontinued serial publications were un¬ 
available. A number of references which might be deemed to be pertinent 
were therefore necessarily omitted from consideration; this refers particularly 
to theses from European universities. In addition, volumes or other publica¬ 
tions were loaned by the following: Drs. Frans Verdoorn, A. S. Foster, 
E. W. SiNNOTT, H. B. Tukey and J. T. Buchholz. Drs. Rene Soueges, and 
Pierre Cret£ generously provided complete series of reprints of their numer¬ 
ous publications. 

Permission to utilize material which appeared in the standard botanical 
journals was granted by the editors or publishers. Since the manuscript was 
prepared during the war years, contact was made with the OflSce of the Alien 
Property Custodian regarding abstracts from foreign publications under its 
jurisdiction. 

It should be mentioned that the original manuscript was completed in 
November, 1944. Advantage was taken of the intermission between com¬ 
pletion of the original manuscript and publication to make certain additions 
and to bring the literature up to the end of 1946. 

A prominent morphologist who had read the page proofs made the sug¬ 
gestion that it would be very desirable to have record kept at a central source 
of newly investigated species and particularly of proposed Variations under 
the angiospermous Types. The author is undertaking this task but, because 
of very poor library facilities, will include only publications of which reprints 
are forwarded to him. Such publications shbuld be embryonomic in nature, 
not in other fields since such are useless for comparative purposes. Whenever 
suflScient material accumulates, summaries will be presented at intervals in 
one of the regular botanical journals. 
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Dr. L. L. Burlingame kindly turned over all of his remaining research 
material of Araucaria angustifolia (originally described as A. braziliana)\ in 
the main, the account and illustrations for this species are based on this mate¬ 
rial. Dr. J. T. Buchholz contributed material of various species of Finns, 
Dr. H. F, Copeland loaned his slides of Siyrax californica. Dr. C. L. Huskins 
and Mr. Axjray Blain permitted incorporation of the latter’s investigations 
on Trillium erectum. Dr. Ladley Husted contributed a summary of his studies 
on Crepis capillaris. 

To Dr. G. M. Smith the author will always be deeply grateful for the use of 
his laboratory over a period of many years and also for the privilege of discuss¬ 
ing numerous debatable points. Mr. Richard Soper assisted with the arduous 
task of compiling the plant-name indexes. Finally, gratitude must be expressed 
to the writer’s wife, Elizabeth Burgess Johansen, who assisted with many 
details but above all cheerfully managed to put up with the inconvenience of 
being a **laboratory widow” while the manuscript was being prepared. 
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INTRODUCTION 


Prefatory Rexoarks:- It has been said that curiosity is the beginning of 
science, that curiosity leads to observation and the recording of facts concerning 
a particular subject, and that the next step in the succession of events is classi¬ 
fication of the facts according to their similarities or dissimilarities. When the 
observations are made by a great many different investigators, scattered 
throughout the world and possessed of more or less individualistic viewpoints, 
the time eventually arrives when all the facts that have been accumulated 
must be integrated as a whole in order that every aspect may be viewed in the 
correct perspective. So long as such a correlation and evaluation is not made, 
real progress is at a standstill. When a logical classification of the facts has 
been made available to other investigators in the field, they are provided with 
the means whereby more rapid and more precisely scientific progress is rendered 
possible. 

Each new fact that is made known, without reference to any scheme of 
classification, may be compared to the delivery of a load of bricks, girders or 
lumber to a building site, each being provided by a different source. The mere 
fact of delivery does not contribute anything to the actual construction of the 
building. Everything awaits the advent of an architect who can design the 
building on the basis of the materials available and supervise the erection. The 
utility, the artistic appearance and the general acceptability of the completed 
structure all depend greatly on the integrative ability, resourcefulness and 
experience of the architect. He can not, however, hope to please everyone who 
views or wishes to make use of the completed building; there will always be, 
precisely as there have always been, critics who will exercise their freedom of 
criticizing one aspect or another, on valid or imaginary grounds, or who might 
wish to make alterations to suit their own convenience. So long as he conforms 
to the engineering principles and civil codes involved in the erection of the 
building and does not violate accepted artistic conceptions, that architect suc¬ 
ceeds best who strives to please no one but himself, provided he acquires during 
the process a feeling that he is making a distinct contribution to the well-being 
of his fellows. Not until the building is fully completed does it acquire an 
individuality of its own, nor can it be classified as to the purpose for which it is 
to serve. 

So it has been, and is, with plant embryology. The stages of curiosity and 
recording of facts have been going on for centuries; the time to assemble the 
facts and to discover to what conclusions they lead when they have been inte¬ 
grated and compared has arrived. In other words, the period of classification 
is at hand, if not somewhat overdue. 

The final step in the process is that of verification of both the facts and the 
conclusions drawn from a consideration of the former; that is to say, the classi¬ 
fication proposed needs to be confirmed or disproved and corrections made 
where necessary. Since innumerable conclusions are based upon facts or ob¬ 
servations provided by others, there is always the possibility that errors may 
have been made by the latter, which might or might not invalidate the bases 
upon which the classification was erected. Verification of every recorded fact 
and conclusion can only come with the future. 

( 1 ) 



Johansen 


— 2 — 


Embryology 


History of Angiospermic Embryology:- The history of plant embryology, in 
general, may be divided into three epochs, each of which in turn is clearly sepa¬ 
rable into periods marked by the publication of certain fundamental contribu¬ 
tions to the advancement of botanical knowledge. The first epoch extends 
from the earliest beginnings up to the time when Hanstein (1870) observed the 
progress of segmentation in the embryo and Strasbueger (1877) discovered 
the phenomenon of fertilization. The second epoch commenced with the same 
dates and extends to the time of commencement of exact descriptive plant 
embryogeny (1910). The third epoch starts at that period and continues into 
the present time. The first epoch witnessed the hazy origin of the science, the 
second epoch encompassed its growth and development, and the third epoch is 
one of maturation. 


L First Epoch 

The first epoch, according to Duchartre, may be divided into three peri¬ 
ods. The first period has a nebulous beginning in Greek antiquity and ends in 
the last years of the Seventeenth Century when Camerarius (1694) sent his 
famous letter on sexuality in plants to Valentini. The second period covers 
the time from the beginning of the Eighteenth Century to the end of the third 
decade of the Nineteenth Century, when Amici (1822, 1830) and Brongniart 
(1827, 1828) determined the true function of pollen, studied its germination, 
and followed the path of the microgametophyte from the stigma to the micro- 
pyle of the ovule. The third period is a prolongation of the second and extends 
to 1870-77. Investigations on the ovule, megagametogenesis and microsporo- 
genesis multiplied and became more precise. At the same time the exact origin 
of the embryo was determined; earlier and earlier stages were studied; the 
sequence of successive stages was described; the proembryo was defined; the 
suspensor was distinguished; and the forms and dimensions of the cotyledons 
were noted in both monocotyledons and dicotyledons. That division of Em¬ 
bryology now designated as Embryography attained its greatest development, 
while Hanstein laid the foundations of Embryotectonics and Embryogenergy. 

First period, — The first period of the first epoch is best described as a long 
period of extremely slow incubation. In fact, some twenty centuries were re¬ 
quired for the most elementary and haziest notions concerning the multiplica¬ 
tion of plant species to attain a reasonable degree of certitude. 

The conception of sexuality in plants reaches back into the remote past to 
the horticulturalists and agriculturalists of the ancient Asiatic civilizations, 
who had definite ideas on the subject. Their conceptions were actually more 
concrete than those of the later Greeks, which were decidedly confused. To 
Ebipedocles of Arigentum (circa 495-435 B.C.), who left fragments of a philo¬ 
sophical poem which was also a sort of treatise on nature, fruits and seeds were 
the eggs of plants; the plant necessarily possessed male and female reproduc¬ 
tive organs; and the sexes were united in the same individual Aristotle 
(3^4^322 B.C.) did not believe that sexuality existed in plants, while his famed 
disciple, Theophrastos of Eresos (373-286 B.C.), the acknowledged “Father 
of Botany,'' appeared to be somewhat confused by all the notions regarding 
sexuality although he admitted the existence of fertilization. Theophrastos 
first distinguished cotyledons from ordinary leaves* 

During the long period of the Middle Ages (476-1453) embryological in¬ 
vestigation was, to use a modern expression, “blacked out” The only note¬ 
worthy contribution to appear during this time was made by Albert op Boll- 
stadt (1206-1280), Bishop of Ratisbonne, perhaps better Imown as Albertos 
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Magnus, who recognized the fundamental distinctions between plant and ani¬ 
mal life. 

At the beginning of the Sixteenth Century, observations began anew and 
multiplied rapidly. These were signaled by the appearance of a Latin poem by 
Giovanni Pontano (1426-1503), perceptor of Alphonse, King of Naples, 
which was the first modem publication to mention sexuality in plants. How¬ 
ever, the true savant of the epoch was Andreas Caesalpinius (1519-1603), 
born at Arezzo in Tuscany, the greatest botanist of the Renaissance and who 
undoubtedly merits recognition as the founder of descriptive botany. Caesal¬ 
pinius studied all plant organs minutely, but unfortunately he was not entirely 
freed from Aristotelian dogmatism and attributed a soul to plants, locating it 
in the depths of the pith. 

Clusius (or DE L’Ecluse) (1526-1609) distinguished two sorts of flowers in 
Carica papaya^ calling them respectively staminate and pistillate flowers since 
they represented two different sexes. Adam Zaluzianski a Zaluzian in 1592 
published his ‘‘Methodi herbariae libri tres,'’ in which he recognized that the 
majority of plant species are androgynous and that in others the sexes are sepa¬ 
rated. He also clearly distinguished hermaphroditic and dioecious plants. 

The invention of the microscope at the beginning of the Seventeenth Cen¬ 
tury gave a great impetus to the advancement of plant morphology. 

If Caesalpinius is to be considered as the originator of systematic botany 
and organography, Marcello Malpighi (1628-1694) is incontestibly the 
founder of plant anatomy. There has long raged a controversy as to whether 
Malpighi or his contemporary, Nehemiah Grew (1641-1711) merits the 
honor: the weight of opinion, the evidence as to when each commenced his 
work, and a comparison of their publications, in the opinion of Saccardo, all 
favor Malpighi. On the other hand, there is general agreement that the two 
illustrious men share the honor of laying the solid base on which the present 
science of embryology rests. 

Malpighi discovered the ovule and the megagametophyte (which he called 
the ‘‘amniotic sac^Oi figured and described a large number of seeds, micro- 
spores, fruits and grains, and demonstrated the foliar character of the cotyle¬ 
dons. He presented the first rough outline of the development of the embryo, 
and observed rather precisely the principal stages in the germination of the 
seeds of Zea mays^ Pisum sativum and Vida faha. Unfortunately, however, he 
believed that the ovule and megagametophyte were useless secretions and did 
not admit the sexuality of flowers. Grew introduced the term “albumen*^ 
(now known as the endosperm), discovered the micropyle, recognized the exist¬ 
ence of the two sexes, and noted the necessity for the pollen to be applied to the 
stigma before the seed could develop. 

John Ray (1628-1705) in 1686 attempted to establish a natural system of 
classification in which he compared and united various species by means of 
diverse characters. Among these he included the number of seeds and the 
number of cotyledons. He distinguished the “albumen” of mature seeds, 
called the embryo the “medulla,” and, most significantly, discerned between 
embryos with one and two cotyledons. 

Despite all the observations outlined above, as well as numerous others not 
mentioned, it is apparent that little real knowledge was adduced concerning 
the exact structure and functions of all parts of the flower representing the re¬ 
spective sexes. It still remained necessary that the organs of generation be 
identified with certainty and their influence on one another be determined. 
To Rudolph Jacob Camerarius (1665-1721) fell the honor of making both 
the identification and the determination. He was the real discoverer of sexual- 
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ity in plants. In a letter to Valentini, dated 1694, he dealt at length, in cate¬ 
gorical terms, on the subject, and left no doubt concerning the rigor of his ob¬ 
servations and the exactitude of his conclusions, as SouicES justly remarks. 

Second period, — The second period of the first epoch encompassed some 
130 years and is noteworthy in that it witnessed the rise of systematic botany. 
Most of the botanists of the period were more interested in the development of 
that division of the botanical sciences, but there was some progress on the 
embryological side. 

Camerarius devoted careful attention to the various parts of the stamen 
and pistil and all the circumstances surrounding pollination. He distinguished 
between staminate and pistillate flowers, as well as between monoecious and 
dioecious plants. He established that the anthers and pistil were the funda¬ 
mental parts of the flower. 

For more than a century the remarkable observations of Camerarius were 
either totally ignored or stirred up controversies. The first resulted because 
people for a long time put faith in the incredible conceptions of Malebranciie 
(1638-1715), who contended that all seeds, successively smaller down to infin¬ 
ity, were preformed in the mother plant. These seeds, inserted one in the other 
at creation, were separated successively in proportion to the birth of the individ¬ 
uals. These conceptions are still known as the “ theory of the nesting of germs” 
{i,e,y germ-plasms). The controversies need not be discussed, since they added 
nothing to embryological knowledge. 

In 1703 Samuel Morland advanced the idea that the pollen traversed the 
style, passed into the ovary and penetrated the ovule. He believed that the 
pollen contained the rudiments of the embryo of the future plant. A year later 
a Parisian apothecary, Etienne Francois Geoffroy, proposed essentially the 
same ideas. Morland and Geoffroy, because of the role they attributed to 
the pollen, are the precursors of those who, a century later, were known as the 
“pollinists.” 

Sebastian Vaillant (1669-1722) repulsed the Morland-Geoffroy hypoth¬ 
eses. Among other things, in 1717 he described the explosive opening of the 
anthers and demonstrated the necessity for the intervention of pollen for the 
fertilization of the ovules. Unfortunately, however, he entertained a weird 
conception of the latter phenomenon. He called the style a pump and claimed 
that it ‘‘did not transmit the powder [pollen] to the eggs, but only the vapor or 
the volatile spirit which was liberated from these grains of powder and which 
fecundated the eggs.” 

Joseph Koelreuter (1733-1806) first determined the relation between the 
various floral organs and their reproductive functions. He noted the crests and 
pores present in microspores and the exudation of an ofly matter from the pores, 
which he believed constituted the fertilizing substance. Absorbed by the 
stigma and mixed with the stigmatic secretions, the substance penetrated the 
style and then the ovules; true fertilization, therefore, occurred on the stigma. 
Koelreuter carried on many interesting experiments involving pollen. The 
most important of these was his placing pollen of Nicoiiana paniculata on the 
stigma of N, rusticay whereby he obtained the first hybrid with viable seeds. 

I Michel Adanson (1727-1806) contended that the embryo existed before 
fertilization, that it received preliminary excitation from a vapor (“aura”) 
produced by the microspores, transmitted by the stylar vessels and which 
entered the ovule by way of the “umbiblical cord” (funiculus). Friedrich 
Wilhelm Gleichen, called Rusworm (1717-1783), an exponent of the sexual 
theory, in 1764 expressed the opinion, based on microscopic examination of 
microspores, that they corresponded to animal spermatozoids and penetrated the 
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ovules where they were transformed into embryos. He figured microgameto- 
phytes of Asclepias^ but failed to realize the significance of these structures. 

That some seeds contained endosperm and others lacked it was first estab¬ 
lished by Joseph Gaertner (1732-1791) in 1788. In 1811-18 Louis Richard 
described microgametophytes without determining their function; he also 
established the notion of ^‘macropodiar^ and “brachypodial” embryos and of 
‘‘ exorhizoidal” (dicotyledonous) and ‘‘ endorhizoidal’’ (monocotyledonous) 
embryos. 

An attempt to elucidate the more important problems concerned with the 
structure and development of the ovule and seed was made by Ludwig Chris¬ 
tian Treviranus (1779-1864) in 1815 in a remarkable work on the develop¬ 
ment of the embryo. He dealt with a large number of both monocotyledonous 
and dicotyledonous species; among other observations, he discerned the consti¬ 
tution of the ovule and illuminated the role of the cotyledons in the nutrition 
and growth of the seedling. Henri Joaquim Dutrochet (1776-1847) in 1824 
confirmed the observations of Treviranus regarding the structure of the ovule, 
but, unlike the latter, he failed to discern the inner integument. In 1821 
Johan August Tittman presented a series of well chosen figures and many 
details of various modes of seed germination. 

Third period, — The third period of the first epoch commences in 1822 with 
the preliminary discoveries of Giambattista Amici (1786-1864) and extends 
to the time of publication, in 1870, of Hanstein’s memoir on the angiospermic 
embryo. It thus extends over some 50 years and witnessed the partial solution 
of the following problems: (i) the course of fertilization; (2) the nature of the 
contents of the microspore and the microgametophyte, and (j) the origin and 
organization of the megagametophyte. On the other hand, at the end of the 
period the development of the embryo subsequent to fertilization still remained 
to be determined. 

Progress during this period, despite the abundance of publications, was not 
considerable as many sterile polemics appeared and a number of workers (e.g., 
Schacht, Tulasne and Unger) were several times led astray by inadequate 
observations. However, the ground was prepared for the future and the funda¬ 
mental questions of sexuality and fertilization, as we now understand them, 
were de^itely settled and universally accepted. Again, two important devel¬ 
opments in the general scientific field occurred, which immeasurably aided in 
morphological investigation. One was the perfection of the microscope; the 
other was the founding of both general scientific periodicals and circumscribed 
botanical journals. 

Amici’s first observations concerned the microgametophyte of Portulaca 
oleracea; in it he noted a circulation of granules in the tube as it developed on 
the stigma and that the granules disappeared after the lapse of about three 
hours. These studies attracted the attention of Adolphe Brongniart (1801- 
1876), who worked out the intimate structure and development of the micro¬ 
spore, the relation between pollen and the stigma, the connections between the 
stjgma and ovule, the structure of the latter, the introduction of a fertilizing 
substance into its interior, the formation and development of the embryo, and 
the relation of the latter to its surroundings. Brongniart recognized and 
named the “sac embryonnaire,” substituting this term for the “amniotic sac” 
of Malpighi. However, he did not recognize the pre-existence of what is now 
known as the egg; he believed that it came into existence as a direct consequence 
of fertilization, resulting from an invagination of the wall of the sac under the 
action of the fecundating substance. 

What is probably the first authentic demonstration of parthenogenesis was 
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made in 1839 by Johann Jakob Bernhabdi, who noted that seed could be 
developed in Cannabis without pollination. 

That the ovule generally possessed two integuments was first recognized by 
Robert Brown, who also first enunciated the fact that the microgametophyte 
penetrates the ovule through the micropyle. 

The famous theory of Johann Horkel (1769-1846) and his nephew Ma¬ 
thias Jakob Schleiden (1804-1881) on the fertilization process and the mode 
of origin of the embryo was propounded in 1836. This theory admitted that the 
microgametophyte penetrated more or less deeply into the interior of the mega- 
gametophyte, there to be transformed into an embryo; and that, in order to 
penetrate into the cavity of the sac, sometimes it pierced the latter, at other 
times it merely pressed against the membrane and remained enveloped. This 
theory started a controversy which divided investigators into two camps. On 
one side were those who contended that the microgametophyte penetrated the 
sac and were called the “Horkelians’^ or ‘‘pollinists” (Wydler, Griffith, 
Geleznoff, Deecke) and those who believed that it merely pressed against 
the sac (Schleiden, Schacht, Knorz); on the other side were the adversaries, 
called the ‘‘preformists,’* who supported the contention of Amici that the 
microgametophyte did not quite approach the megagametophyte and that the 
embryo developed at the expense of an embryonal vesicle which pre-existed in 
the sac (Hartig, Hugo von Mohl, Karl Muller, particularly Hofmeister 
and finally Radlkofer). Schacht, Tulasne and Unger, at first ^‘pollinists,’' 
soon ranged themselves on the side of the ^‘preformists.’^ 

Schleiden, incidentally, presented excellent figures of the embryos of 
Echium^ Oenothera^ Phormium and Potamogeton\ in fact, the initial stages of 
development in Oenothera are accurately represented. At the same time, 
Adrien de Jussieu (1797-1853) developed with more success a knowledge of 
the external morphology of the monocotyledonous embryo. F. G. F. Meyen in 
1841 took the suspensor to be a continuation of the microgametophyte. He 
also presented several figures of the embryo of Capsella bursa-pastoris^ Alsine 
and Helianthemum, in which the quadrant stages are correctly represented. In 
his other figures the cells are schematically outlined and arbitrarily disposed. 

Geleznoff defended and developed the theory of Horkel and Schleiden. 
William Griffith, like Geleznoff, Schleiden and Wydler, believed that 
the embryonic vesicle was borne at the extremity of the microgametophyte. 
Th. Deecke pretended to demonstrate that there was no breach of continuity 
between the microgametophyte and the tube developed inside the embryo sac, 
and consequently that they were not one and the same thing. In another pub¬ 
lication, he presented an excellent figure of the quadrant proembryo of Stachys 
sylvatica, but his other stages are inexact. 

H. Schacht was the most outspoken exponent of the Horkel-Schleiden 
theory. He published many figures of embryos at various stages of develop¬ 
ment, but was too preoccupied with his controversies to devote close attention 
to what he presented, with the result that many of the figures are from very 
oblique sections and are dfficult to interpret. 

The egg of the megagametophyte was first discovered and named by Theo¬ 
dor Hartig in 1838, who believed that the microgametophyte transported 
some substance which served to fertilize this egg. Gerbert Giraud in 1844 
observed the presence of an embryonal vesicle in Tropaeolum majus before 
fecundation occurred and before the microgametophyte bsid reached the mega¬ 
gametophyte. Unfortunately, the contradictory observations of Guolielmo 
Gasparrini on Citrus in 1846 placed him on the side of the ^‘pollinists.” 
Knorz, a privatdocent at Marburg, in 1848 recognized that a microgameto* 
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phyte arrived at the megagametophyte, but he contested the pre-existence of 
an embryonal vesicle in the sac. Franz Unger, at first numbered among the 
‘‘pollinists,^' later changed his ideas when he wrote on the embryogeny of Hip- 
purus vulgaris and admitted the presence of a vesicle at the upper end of the 
megagametophyte which elongated into an “embryonic tube*^ under external 
influence. He clearly indicated the formation of the quadrant and octant 
stages in that species and also the delimitation of the epidermal initials. His 
figures are more precise than those of Hofmeister or Tulasne and most other 
authors preceding Hanstein. 

The morphological publications of Wilhelm Hofmeister covered a period 
of about 15 years. His first paper, on Oenothera^ which appeared in 1847, placed 
him amongst the “preformists.*' He observed the penetration of the mega¬ 
gametophyte by the microgametophyte in Canna, He described various types 
of ovules, determined the position, form and dimensions of the megagameto¬ 
phyte. In the latter he differentiated between the sister cells of the egg (the 
synergids), the polar nucleus and the antipodals, fixing the number of the latter. 
His complete figure of the megagametophyte of Bulhocodium vernum was repro¬ 
duced in all the classical works. He recognized and named the proembryo 
(“Vorkeim”). He noted that the zygote was soon divided into two cells by a 
transverse wall; that one cell multiplied but little, while the other developed 
into a spherical embryo. The development of the endosperm was also studied and 
the fact that the antipodals remained quiescent was noted. It was with regard to 
the monocotyledonous embryo that Hofmeister provided the most information. 

Louis Ren£ Tulasne, at first a “pollinist,^^ later changed his viewpoint 
because of the weight of evidence presented by Hofmeister. Tulasne^s ob¬ 
servations on the megagametophyte are inferior to those of Hofmeister, but 
those on embryogeny are superior to those of the latter. In fact, Tulasne’s 
illustrations are better than his descriptions thereof. 

It is difficult to assign the proper places to Tulasne and Hofmeister in the 
history of plant embryology, as Sources observes. Hofmeister deserves the 
credit for casting the most light on the constitution of the megagametophyte 
and the origin of the embryo, while Tulasne called attention to the great diver¬ 
sity in the form of the embryo and therefore laid the foundations of the modal¬ 
ity underlying embryogeny. 

Several interesting modifications in the structure of the megagametophyte 
of Mirahilis jalapa were noted by Pierre Etienne Duchartre in 1848, as well 
Z.O the precocious separation of the suspensor from the embryo proper. George 
Dickie, in the same year, first demonstrated that the microgametophyte and 
the embryo were two separate formations. Ludwig Radlkofer in 1856 
proved that the suspensor was an embryonal structure and thus could no longer 
be considered as a prolongation of the microgametophyte. 

Robert Caspary, in 1854, and Thelo Irmisch, in 1858, occupied them¬ 
selves with germination of the seed and the constitution of the seedling. The 
latter defined the cotyledonary node and indicated the limits of the hypocoty¬ 
ledonary axis. 

Sergius Rosanoff, a student of Hofmeister, in 1866 described precisely 
the first segmentations in Tiaridium and Helioiropium and compared the em¬ 
bryogeny of these genera with those in other genera in related families. This 
was probably the first study in comparative embryogeny. 

) II. Second Epoch 

The publication in 1870 of the famous memoir by J. Hanstein on the de¬ 
velopment of monocotyledonous and dicotyledonous embryos marks the com- 




Johansen 


— 8 — 


Embryology 


mencement of the second epoch in the history of plant embryology. The epoch 
may be divided into two periods, the first extending over some twenty-five 
years (from 1870 to about 1895), the second over some fifteen years (from about 
1895 to 1910). 

First period. — The Hanstein memoir is remarkable in that it is the first 
which was concerned solely with the ovule, the megagametophyte, fertilization, 
the endosperm and the sequence of segmentation within the proembryo and 
embryo. Beginning at about this time, investigators came to realize the signifi¬ 
cance and importance of segmentation in the life history of all living organisms 
since it forms the basis of their classification. This was essentially an amplifi¬ 
cation of the cell theory of Schleiden and Schwann, enunciated in 1838: that 
there was a division of work among cells which were united to one another to 
constitute an organism, and it was further realized that these cells were de¬ 
rived from other cells (‘^ omnia cellula e cellula^O* Segmentation, in essence, is 
cell division in cells which, subsequent to their division, remain united; more¬ 
over, if these cells remain united, it is according to an evident object of the 
association, which necessarily implies a division of work. 

In evaluating the work of the investigators of this period, it is necessary to 
consider the microtechnique methods which they employed. These were crude 
in the extreme, compared to the procedures of ^e present day, and involved a 
high degree of manual dexterity, together with the use of acids and alkalis to 
render the tissues sujficiently transparent. A worker of the present time, de¬ 
pendent as he is on parafiin embedding, the precision rotary microtome and coal- 
tar dyes of known dye content, can have nothing but admiration for his prede¬ 
cessors and wonder how they ever accomplished their painstaking labors. 

Hanstein was the first who defined precisely the position of the walls of 
segmentation in the embryo and the form of the cells thus separated. He intro¬ 
duced into the new science of embryology a terminology which, for the most 
part, is still followed. He gave a well de^ed embryogenic significance to such 
terms as quadrants and octants, to the upper hemisphere or cotyledonary and 
stem regions, and to the lower hemisphere or hypocotyledonary and root re¬ 
gions, all of which are parts of the embryo proper, which, by reason of its 
general form, may be compared to a globe or sphere. He designated the 
hypophysis, determined its position in the lower portion of the sphere, and indi¬ 
cated its functions in the construction of the radicular region. To him we also 
owe our conception of the epidermal initials, periblem and plerome, three 
fundamental embryonic tissues which give rise to the epidermis, cortex and 
stele, respectively, of the adult plant. He is the creator of embryotectonics, in 
that he devised tbe notion of tiers in the distribution of the embryonic elements. 
He also laid the foundations of embryogenergy by demonstrating the destina¬ 
tions of these tiers and also those of the primordial embryonic cells. 

Many of Hanstein’s conclusions or generalizations were premature or 
erroneous, owing mainly to the insufficient number of species which he studied. 
The only species which he studied in adequate detail were CapseUa bursa- 
pas toris and Alistna plantago. Several other species were investigated less care- 
fuDy. He generalized that the first wall in the dicotyledonous proembryo 
marked the separation of the two future cotyledons; that the upper hemisphere 
always engendered the cotyledons and epicotyl, while the lower hemisphere 
gave rise to the hypocotyl and root; and that, in Alisma plantago^ the first three 
of the four superposed cells of the monocotyledonous proembryo corresponded 
respectively to the upper hemisphere of the dicotyledonous embryo, the lower 
hemisphere and the hypophysis. However, his observations on the origin of 
the im'tiaLs of the cortex at the apex of the radicle in Nicotiana tabacum are 
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erroneous. Finally, his conclusions that the rules of embryogeny are identical 
among all dicotyledons and equally analogous throughout the monocotyledons, 
but fundamentally different for the two groups, are not at present tenable. 

Most of the investigations which subsequently appeared were patterned 
after those of Hanstein. For instance, in 1873, G. Hieronymus duplicated for 
Centrolepis imuior the earlier work on Alisma plantago, Carl Hagen, in the 
same year, presented several stages in Mesembryanthemum which appeared to 
resemble the corresponding stages in Capsellay but Hagen repeated certain 
errors of interpretation originally made by Hanstein and which were also later 
made by KNy and Westermaier. Ignatz Urban, again in the same year, was 
the first to observe (in Medicago) that the first wall to be erected in the terminal 
cell could be oriented diagonally. 

The first comparative embryologist was E. Fleischer, who presented an ex¬ 
tensive paper in 1874 covering several orchids, Juncus glaucus, Luzula multi- 
flora^ Iris gueldenstaedtianay Ornithogalum nutans and Leucojum aestivum among 
monocotyledonous species, and Oxalis valdiviensis^ Helianthus annuus and 
Asclepias cornuti among the dicotyledons. He demonstrated that there was 
not a sharp demarcation between the monocotyledonous and dicotyledonous 
types established by Hanstein, but a series of analogies. In Ornithogalum 
nutanSy particularly, he presented a series of embryogenic forms clearly com¬ 
parable to those of dicotyledons. 

All comparative embryologists who have carefully considered the entire 
problem of presumable differences in the fundamental organization of the pro¬ 
embryo (which, after all, is of greater significance than the organization of the 
mature embryo) have followed Fleischer, although there have been attempts 
as late as 1946 on the part of uninformed persons to resurrect the mistaken con¬ 
ceptions of Hanstein. 

L. Kny, also in 1874, examined a number of the BrassicaceaCy particularly 
Brassica napuSy and Alisma plantagOy following Hanstein 's procedures and 
repeating many of his errors. 

In the same year Count Solms-Laubach investigated representatives of the 
Hydnoraceae and Rafflesiaceacy noting that the embryos in these families were 
excessively reduced in development. Five years later he published rather com¬ 
plete and precise observations on the Dioscoreaceae and Commelinaceae, 

F. Hegelmaier is generally considered to be one of the outstanding embry¬ 
ologists of the period. In 1874 there appeared his detailed paper on the embry¬ 
ogeny of several monocotyledonous species, including Pistia siraiioteSy Canna 
indicQy Sparganium ramosum and Triticum vulgare. While he failed to establish 
the precise origin of the middle cell of the row of three proembryonic cells, he 
did note the differences in the regions of the mature embryo to which each cell 
gave rise. He further established the origin of the stem apex as well as the 
morphological value and the organization of the radicle in these species. Later 
he investigated four dicotyledonous families — the Ranunculaceacy Umbelli- 
feracy Geraniaceae and Papaveraceae, Considering the inadequacy of his tech¬ 
nique methods, his observations were rather accurate, though there were gaps 
and some errors in interpretation. In brief, it is to Hegelmaier that we owe 
the current conception that there can exist a close embryological connection 
between very diverse plant families at the same time that there occur sharp 
divergencies within the same family or even genus. 

The peculiarly interesting embryogeny of the Papilionaceae first came to 
light through an unfortunately incomplete study of Hegelmaikr’s on Lupinus, 
This subject was further pursued by Strasburger in 1880 and later presented 
in greater detail by Guignard. 
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Study of the embryogeny of parasitic plants was initiated by L. Koch’s 
paper on the Cuscutas in 1877 and another on the Orobanchaceae the following 
year. These constituted the first observations of embryos which are acotyledon- 
ous at maturity. 

The great majority of embryological papers which appeared before 1875 
emanated from the European continent, particularly from France and Ger¬ 
many. Alexander Dickson appears to be the first to present a modern 
embryological paper in English. He was concerned with the origin of the root 
in three species of Tropaeolutn, 

To Max Westermaier is due the credit for correcting the erroneous con¬ 
clusions of Hanstein regarding the embryogeny of Capsella bursa-pastoris. 
He established this species as a classical type to serve as a basis for comparison 
in embryogenic researches. Later investigators, unfortunately, did not com¬ 
pare their species any too carefully and, as a consequence, made all sorts of 
ludicrous mistakes. Some even went so far as to consider practically all di¬ 
cotyledonous species as developing in a manner identical with that of Capsella, 
The Capsella mode of embryogeny, in fact, is now known to occur in only a few 
genera all belonging to the Brassicaceae, 

The remarkable work of Melchior Treub on the embryogeny of the Orchi- 
daceae appeared in 1879. He, unfortunately, oriented his investigations from 
the physiological standpoint, and was particularly interested in the role played 
by the suspensor in that respect. In 1882 he discovered that the zygote may be 
segmented vertically (in certain species of the Loranthaceae), 

C, Norner, in 1881, attempted to distinguish three types of embryonic 
development in certain species of the Foaceae, This was one of the pioneer at¬ 
tempts to delimit embryogenic types. 

One of the most extensive and detailed embryological investigations was 
that of Leon Guignard in 1882 on almost a hundred species — some thirty in 
the MimosaceaCf several from the Caesalpiniaceae^ but with most from the 
Papilionaceae, The researches of Guignard on these dicotyledonous families, 
together with those of Treub on the Orchidaceae, are major landmarks in the 
history of plant embryogeny. 

Second period, — The second period of the second epoch, extending from 
about 1895 to 1910, was mainly one during which species not hitherto investi¬ 
gated were studied; little that was particularly worthy of note was produced. 
It was a period of tedious addition of mostly mediocre papers to the rapidly 
expanding literature in the field. 

III. Third Epoch 

The Third Epoch comprises the years from 1910 onward- It may be di¬ 
vided into two periods, one extending from 1910 to 1937, when Ren£ SouAges 
promulgated the laws of embryogeny; the other from 1939, when the same re¬ 
nowned embryologist presented a system of classification of embryogenic types, 
to the present time. 

First period, — This was, for most practical purposes, a continuation of the 
second period of the preceding epoch. SoutoEs’ first detailed embryonomic 
investigation appeared in 1910; it was rapidly followed by others imtil the total 
number of titles reached approximately 150 by the end of 1946. The great 
tragedy of plant embryology, a serious indictment of most ot^r workers, has 
been, and to a great extent still is, that so little attention was paid to the funda¬ 
mental contributions of SouioES. During all of the third epoch, only three 
embryologists — Bhaduri, Cr£t£ and Noll — attained the sublime and pre¬ 
cise mode of embryonomic procedure established by SouicES. 
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Under the influence of SraASBimGEn in Germany, of Guignard in France, 
and of Treub in Java, numerous papers appeared in the European literature. 
The impulse generated by these great investigators spread to other continental 
countries and presently to the United States. However, in none of these other 
countries did embryologists of the first rank appear; they were, for the most 
part, imitators who contributed little of fundamental imp>ortance. In England, 
for instance, one did not appear on the scene until 1936 when Metcalfe pub¬ 
lished his important paper on Ranunculus Jicaria. 

Among the German investigators, despite their self-bestowed reputation 
for detailed accuracy, a disposition toward the misuse of morphological termi¬ 
nology soon appeared, then spread to their Swedish colleagues and later to 
those from other countries who blindly admired German methods. This tend¬ 
ency has had most unfortunate effects on the advancement of plant embryol¬ 
ogy. At the present time, embryological terms are so mishandled that it is 
extremely difficult to understand the average German, Swedish and Indian 
paper, which is more often purely morphological and not at all embryological. 

The most prominent German morphologist of the period was K. Schnarf, 
whose ‘‘Embryologie der Angiospermen^^ appeared in 1927, and his Verglei- 
chende Embryologie der Angiospermen'’ in 1931. Both are partially mistitled; 
they are morphological rather than purely embryological works. However, the 
first is important in that it includes a preliminary classificatory scheme which 
was adopted and expanded by Johansen in 1945. 

In the United States embryological studies arose in three distinct centers. 
The first and most important investigator was D. H. Campbell at Stanford 
University; his studies on the Araceae^ Zannichellia and Naias were funda¬ 
mental. The second center comprised the group at the University of Chicago 
headed by J. M. Coulter and C. J. Chamberlain, and the third centered 
around J. H. Schaffner at the Ohio State University. There were also a 
number of more or less independent investigators, including, among others, 
M. T. Cook, W. A. Cannon, J. E. Gow, R. G. Leavitt, F. E. Lloyd, F. H. 
Billings and J. E. Kirkwood. 

Russian and Italian workers who published in their native languages suf¬ 
fered from the fact that their confreres in other countries had little or no 
acquaintance with their media of communication and thus tended to ignore 
their contributions. Prominent Italian embryologists of the period included 
A. Chiarugi, E. Carano and E. Francini. Other conspicuous embryologists 
vho must be mentioned were F. A. F, C. Went in The Netherlands and S. V. 
Murbeck in Sweden, 

In 1934 SouicES presented a resume of his work up to that time, followed 
by another three years later. Finally, in 1937, there appeared his ‘‘Les lois du 
d^veloppement,*’ a work whose supreme significance in plant embryology has 
been saffiy overlooked. 

Second period. — This period is too uncomfortably close to the present time 
for one to evaluate it without incurring accusation of bias. 

In 1939 SouAges published his ‘‘Embryogfinie et Classification,’’ in which 
is presented a detailed scheme for the delimitation of the various embryonomic 
types. This pamphlet is equally as significant as the earlier one on the laws of 
development, but, like the latter, it has not received the serious recognition 
that it deserves. 

Investigations continued apace, principally on species not hitherto studied. 
Most such studies are characterised by five features: (i) ignorance of the laws 
of embryogeny, {2) lack of thorou^ acquaintance with the publications of 
other investigators, (j) utter confusion in terminology, (4) failure to work out 
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the proembryonic development in suflScient detail, and (5) the solemn pro¬ 
nouncement of weirdly absurd conceptions of embryonomic relationships. The 
present text constitutes an attempt to remedy all Aese deficiencies in the cur¬ 
rent output of embryological investigations. 

The period is noteworthy for the development of plant morphology and 
embryology in India. Such studies were first initiated by an American, W. 
Dudgeon, at Allahabad University, then after his death were carried forward 
by his pupil, P. Maheshwari, and by A. C. Joshi, as well as by students of 
these two. This phenomenal growth is clearly indicated in Chapter XVIII by 
the number of papers cited from Indian scientific journals. 

At the present time, SouicES continues to be the foremost plant embryolo¬ 
gist, although now retired from professional duties. His work is being con¬ 
tinued by his pupil and successor, Pierre Cr£t£. 

History of Gymnosperm Embryology:- Many of the phases of the rise and 
development of Gymnosperm embryology are bound up with the corresponding 
growth on the Angiosperm side, and need not be repeated here. 

The first comprehensive treatise on the subject was E. Strasburger’s “Die 
Coniferen und die Gnetaceen,” which appeared in 1872, and was followed in 
1879 by his “Die Angiospermen und die Gymnospermen.’' These two monu¬ 
mental works mark the real commencement of investigation on gymnospermous 
plants. 

In 1883 Goroschankin demonstrated the rupture of the microgameto- 
phyte in Finns pumilis^ but erroneously supposed that both microgametes 
fused with the archegonial nucleus. This mistake was corrected by Stras- 
BURGER the following year; in Picea he proved that only one microgamete 
fuses with the archegonial nucleus. Interest in. the microgametes that was thus 
engendered led to the studies of Belajeff in 1891 on Taxus, and these were 
followed by the discovery of ciliated male cells in Ginkgo by Hirase in 1895, in 
Cycas by Ikeno in 1896 and in Zamia by Webber in 1897. 

The development of the archegonium was first elucidated by Strasburger 
in 1879; there was some difference of opinion concerning the nature of the 
ventral nucleus or cell. Blackman (1891) considered that of Finns sylvestris 
to be an arrested gamete and Chamberlain (1895) came to the same conclu¬ 
sion; that this conception is correct has been demonstrated by the discovery of 
the fusion of the ventral nucleus with one of the microgametes in other species 
of Finns. 

Earlier accoimts of the fertilization process are fragmentary and somewhat 
unsatisfactory from the cytological standpoint. The entire question was ably 
resolved by Haupt in 1941 in two species of Finns^ and it is now probable that 
essentially the same process prevails in nearly all other Gymnosperms. 

Although Strasburger presented most of the significant details of em- 
bryogeny and some gaps were filled by intervening investigators, it remained 
for Buchholz to place the entire field on a sound basis. Buchholz is to 
gymnospermic embryogeny what SoutcES is to angiospermic embryogeny. 
Other great names in the history of gymnospermous embryogeny include those 
of A. A. Lawson, M. Ferguson, C. J. Chamberlain, W. J. G. Land, W. T. 
Saxton, H. H. W. Pearson, A. H. Hutchinson, S. Hirase, E, M. Berridge, 
W. C. Coker, L. L. Burlingame and M. Tahara. The contributions made 
by each of these persons are best ascertained from the bibliographies contained 
in the following chapters. 

At the present time there are two main centers of research on G3nnmosperm 
embryology: one at University Collie, Dublin, under J. Doyle and W. J. 
Looby, and the other at the University of Illinois under J. T. Buchholz. 




CYCADOPHYTA 




Chapter I 

CYCADACEAE 

The Cycadaceae comprise nine living genera: Zamia, Macrozamia, Cerato- 
zamia, Encepkalarlos, Diootiy* Cycas, MicrocycaSy Bowenia and Siangeria, 

Fertilization:- Accounts of the fertilization process are still rather frag¬ 
mentary. Bowenia serrulala is the most thoroughly investigated species. 

The number of archegonia is very variable. There are usually a large num¬ 
ber of archegonial initials, with many hundreds in MicrocycaSy but ordinarily 
only three or four mature. 

So many microgametophytes usually reach the archegonial chamber that 
all mature archegonia are fertilized. The archegonial cytoplasm becomes ex¬ 
tremely turgid as the fertilization period approaches and would spurt into the 
archegonial chamber if not prevented from doing so by the enlarged and turgid 
neck cells. A curious phenomenon occurs in Bowenia at this time: each arche- 
gonium secretes a drop of water through the neck cells; this water, together 
with liquid from the microgametophytes, furnishes the medium in which the 
microgametes swim actively. In this same genus the outer wall of each neck 
cell is very thin and halfway up on the inner side of each neck cell the wall is 
quite thick; with a narrow cell supporting the two neck cells, a hinge-like ar¬ 
rangement is thus erected, permitting the cells to swing open momentarily 
for the entrance of the microgametes. The neck cells are in intimate contact 
at the apex only and the active movements of the microgametes constitutes 
sufficient pressure to cause the cells to open. The neck cells are not demolished 
as happens at the corresponding period in most Gymnosperms, but they do 
collapse soon after the free-nuclear divisions commence. The number of micro¬ 
gametes which enter a given archegonium may vary from one to six or even 
more, but only one actually penetrates the cytoplasm to fuse with the arche¬ 
gonial nucleus. The microgamete enters with considerable force, strong enough 
to strip off the cytoplasm and ciliated band in the upper part of the arche¬ 
gonium, and leaving the naked nucleus to travel the remaining short distance 
to contact the archegonial nucleus. 

The most satisfactory accounts of the fusion of the male and female nuclei 
indicate that the process is essentially similar to that more fully known for 
Piniis and other Coniferophyta. 

In Boweniay for instance, the microgamete nucleus enlarges considerably 
after becoming freed. After contacting the archegonial nucleus, it presses into 
the nuclear membrane of the latter, without losing its spherical shape, and pro¬ 
duces a concave indentation (Fig. iA). The archegonial nucleus is approxi¬ 
mately three times the diameter of the microgamete nucleus. The membrane 
of the archegonial nucleus apparently becomes dissolved where the two are in 

* Certain authors (e.^., Buchholz in the article on Gymnosperms in the Encyclopedia 
Britannica) have recently attempted to resurrect the name originally proposed by Lind- 
LEY, namely, Dion, This spelling is clearly an orthographic error; under Sect. 13, Art. 70 
of the International Rules of Botanical Nomenclature, the corrected form Dioon (of 
Miqtjel) must be employed. 
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contact, but that of the microgamete nucleus persists until the next stage is 
nearly completed. In Zamia it has been stated that the microgamete nucleus 
becomes entirely surrounded by the archegonial nucleus, but in view of what 
happens next this is undoubtedly a misinterpretation. In any case, a true 



Fig. I. — Bowenia serruUUa, A. Upper portion of an ardhegonium with microgansete and 
archegonial nuclei in contact. X48. B. Segregation of maternal and paternal chromosomes 
on separate spindles. X220. C. Proembiyo with 64 free nuclei; ciliated band of microga* 
mete still visible at upper left. X4B. (Redrawn/rom Lawson 1926). 


fusion nucleus is never constituted. Instead, the chromosomes become sep-* 
arately resolved on distinct spmdled lying exactly parallel to one another 
(Fig. iB). The two sets of chromosomes next divide and pass io the respective 
poles, but what subsequently happens has been too vaguely described to be 
acceptable. 
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Proembryo:- A prolonged period of simultaneous divisions next ensues. 
The most striking feature of these mitoses is their remarkably small size in 
comparison with the resting nuclei. In nearly all investigated species the mi¬ 
toses are not followed by the formation, of any kind of cell walls. In Dioon 
edule complete but evanescent segmentation of the entire archegonial cyto¬ 
plasm may occur as early as the 64-nucleate stage; these walls disappear com¬ 
pletely before the next in the series of mitoses commences. The number of 
free-nuclear divisions apparently varies slightly according to the species, but 
is most frequently eight or nine, with 256 or 512 nuclei respectively. After 
about the seventh series of divisions, the mitoses become somewhat irregular; 
consequently, the exact number of nuclei may be greater or lesser than the 
presumable arithmetical number. 

The free nuclei are usually evenly dispersed throughout the archegonial 
cytoplasm (Fig. iC). Most of the earlier accounts describing the formation of 
a central vacuole or a central disorganization of the cytoplasm and nuclei now 
appear to be inaccurate. What happens in the archegonial cytoplasm just 
previous to wall formation varies somewhat according to either genus or species. 
In Stangeria many of the nuclei in the central and upper portions of the pro¬ 
embryo migrate to the basal portion, where the cytop)lasm becomes more and 
more dense, with a corresponding vacuolization of the cytoplasm in the upper 
portion. A second period of two or three free-nuclear mitoses now occurs, fol¬ 
lowed by wall formation. Like Stangeria, Cycas revoluta also has a few simul¬ 
taneous free mitoses at the base of the proembryo, while there are amitotic 
divisions in the upper portion in Cycas and resting nuclei in Stangeria. Walls 
appear simultaneously throughout the entire proembryo in Macrozamia moorei, 
Encephalartos, Dioon edule and Stangeria paradoxa, but in Macrozamia reidlii 
a small central region remains noncellular with free nuclei. Wall formation 
occurs only at the base of the proembryo in Bowenia, Zamia and Ceratozamia, 
The walls in many species are often weak and evanescent save at the base of 
the proembryo. A vacuole appears in the central region sooner or later and 
the former archegonium finally becomes empty but its outline is preserved 
by its thick membrane. The permanent cell walls eventually are developed at 
the base of the proembryo gnd the cells thus formed become differentiated into 
three regions. 

Embryo:- Differentiation in the cellular region of Stangeria (Fig. 2D) com¬ 
mences almost immediately after delimitation but in most of the other genera 
many hundreds of cells are produced before recognizable differentiation be¬ 
comes apparent. At first there are two general regions: an upper one, in con¬ 
tact with the free-nuclear region and with the largest cells; and a lower one 
composed of smaller, denser and more numerous cells. In Bowenia a simul¬ 
taneous mitosis occurs as soon as the free nuclei have migrated to the base of 
the proembryo and permanent cell walls result, but the central region remains 
free-nucleate (Fig. 2A , B). 

Suspensor development commences quite early. The large cells furthest 
removed from the base of the proembryo become very much elongated (Fig. 
2B, C). During the earlier formative stages the suspensors are separate but 
all those from the several embryos soon become united and curve, coil and twist 
as they slowly grow deeper and deeper into the endosperm. The suspensors, 
in fact, are so intricately associated that it is impossible to examine them 
separately. Growth, however, is rather uneven, as the suspensors from some 
embryos elongate more than do those from other embryos. Finally only the 
suspensor system belonging to the one embryo that is to reach maturity at- 
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tains full development. The suspensors of the cycads are remarkably long. 
Those of Ceratozamia, when fully stretched out, are 7 to 8 cm. long, and those 
of Bowenia, Cycas and Macrozamia may exceed 10 cm. 



Fio. a. — Bowenia iemdata, A. Median loafitudinal lecton of advanced stage of proembryo with early cellular 
tissue. Free nuclei lie in the upper region. X3b. B. Early development of luspentor system in late proemb*yo. 
X 75 . Dioon edule. C. Embryo after tuspensor has begun to develop. Stangeria parodoxa. D. Developing em- 
bi^o» approximately corresponding to B. Xrs. E. The slender tip of the embryo has just broken through ^ 
archegonial membrane and is composed largely of baustortal cells. The upper ceUs are also distinctly baustorial. 
X75- Bowenia sernUota. F. Develo|dng embryo with tuspensor. The epi^rroal cells are considerably larger than 
the central cells. X 75 . Pioen edtiU. G. Developing embryo, with meristenu that are to produce coleorhixa and 
later root cap differentiated; w, mucilage cavity. Macrotomia rridUi. H. Three different examples of sevenU em¬ 
bryos developing from one sygote, s shows simple polyembryony resulting from splitting of one proembryo. (A, B, 
F redrawn from LawsoN iga6; C, Gfram Ceambkmuom xgio; J>, Efrem C M AMBg g tAW xpxO; Hfrom Bazso xpsff*’ 
50h 


The smaller, denser cells at the base of the proembryo become differentiated 
into two regions. The outermost consists of a single layer of large cells which 
doubtless is equivalent to an epidermal layer, and above it are several tiers of 
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small, dense cells (Fig. 2F). The outer cells, particularly in the upper portion 
of the proembryo, may become haustorial (Fig. 2E). The region of small, 
dense cells contributes most of the suspensor tissue in Stangma, and all of the 
periblem and plerome in all genera (Fig. 2G). 

Cotyledon development, as far as described, is essentially similar in all 
genera except Ceratozamia. The latter genus normally has only a single cotyle¬ 
don; the others have two, or occasionally three. The seeds are shed in Cycas, 
Macrozamia and Ceratozamia before the cotyledons are developed. Since the 
seeds lie in a horizontal position after being shed, gravity may have something 
to do with the development of the one cotyledon in Ceratozamia, but certainly 
not in the other two genera. When seeds of Ceratozamia were placed on a 
clinostat for germination, the suppressed cotyledon underwent full develop¬ 
ment. In many species the cotyledons have frequently been reported as being 
more or less unequal in size. The cotyledons close over the stem apex, and in 
Zamia and Bowenia they fuse together at an early stage along the upper half 
of their length, while in Encephalartos they are fused throughout their entire 
length, by both margins at the base and by either one or both margins near the 
apex. 

At approximately the central region of the embryo a conspicuous and 
characteristic structure, called the coleorhiza, is developed. Its function is 
mainly protective; after the embryo attains full growth, the coleorhiza becomes 
very hard. During germination the coleorhiza is the first portion to become 
extruded from the seed, then the root tip digests its way through the base of 
the coleorhiza, followed by the cotyledons. 

Simple polyembryony prevails among the cycads, but the extra embryos 
are commonly overlooked since they are still within the archegonial membrane 
at the time they have just begun to elongate. In Macrozamia reidlei from one 
to three lateral embryos have been observed in addition to the normal basal 
embryo (Fig. 2H1-3). These develop in exactly the same way as the basal 
embryo — from a small group of actively dividing cells in one particular 
peripheral region of the proembryo. The primary suspensor may also fork and 
give rise to two equally developed basal embryos. Branching of the suspensor 
is also known in Encephalartos. 

Baird, A. M. 1938-39. A contribution to the life-history of Macrozamia reidlei. Jour. Roy. 
Soc. West Australia 25: I53-I75. 

Chamberlain, C. J. 1910. Fertilization and embryogenesis in Dioon edule. Bot. Gaz. 50: 
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Saxton, W. T. 1910. The development of the embryo of Encephalartos. Bot. Gaz. 49:13-18. 
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There is only one living species, Ginkgo hiloha. Nothing has been de¬ 
scribed concerning the embryogeny of the several known fossil genera. 

Fertilization:- The microspore at maturity is four-celled, consisting of a 
generative cell, two prothallial cells (one of which aborts) and a tube cell. 
After the microgametophyte has reached the pollen chamber of the ovule, the 
generative cell divides to produce a body cell and a stalk cell. The body cell 
divides into two microgametes or sperms; blepharoplasts later appear and 
produce a multitude of cilia. A single sperm enters each archegonium and 
unites with the nucleus of the latter. The sperm nucleus, when it comes into 
contact with the archegonial nucleus, is about one-sixth the volume of the 
latter (Fig. 3A). The sperm nucleus apparently sinks into the other nucleus, 
but precisely what occurs between the time the two nuclei come into contact 
and the resolution of the chromosomes is obscure in the published accounts, 
which are all rather old. The chromosomes from each nucleus, in any event, 
are segregated on separate intranuclear spindles (Fig. 3B) and presently move 
to common opposite poles. The fertilization process in GinkgOy therefore, is 
essentially similar to that occurring in most Gymnosperms. 

Fusion of the ventral canal nucleus with the nucleus of the archegonium 
has been described, but whether this can result in the development of a normal 
embryo is unknown although not beyond the realm of possibility. 

Proembryo:- Two free nuclei are formed as a result of the first mitosis; 
subsequently, about eight free nuclear divisions occur, with a total of around 
256 nuclei (Fig. 4A). During the successive nuclear divisions in the proembryo 
the size of the nuclei decreases. Thus, while the fusion nucleus measures 85 to 
looyL in diameter, the nuclei after the seventh division measure 20 to 2^ix only. 
This decrease of nuclear size is evidently closely related to the chromatin- 
elimination which occurs up to the 32-nucleate stage. The manner of chro¬ 
matin-elimination is as follows: during nuclear division deeply staining ba¬ 
sophilic granules are found scattered among the spireme; when the chromo¬ 
somes form the equatorial plate, the granules are scattered mostly toward both 
poles; they then form larger masses of less basophilic nature and finally disap¬ 
pear. During the later mitoses some of the nuclei may fail to divide. The 
nuclei are evenly distributed through the archegonial cytoplasm. After either 
the eighth or ninth series of divisions, wall formation occurs simultaneously 
throughout the entire archegonium in such a manner as to enclose a single 
nucleus within each cell. The resulting cells at first do not exhibit any pro¬ 
nounced dissimilarities in size, shape or contents (Fig. 4B). Later the cells in 
the upper two-thirds or more of the spherical proembryo divide only a few 
times or not at all, and take no part in the development of the embryo proper. 
Their contents become thin and watery and the cell walls become wavy and 
even break down. The cells in the lower portion of the proembryo divide re¬ 
peatedly, with activity greatest toward the base, and a small-celled tissue be- 
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comes organized (Fig. 4C). There are thus three imperfectly delimited regions 
in the developing proembryo. An organized, recognizable suspensor is never 
developed. 

EmbryoAt first the tissues of the young embryo consist entirely of small 
isodiametric meristematic cells; but presently two regions of differentiation 
may be distinguished, one located immediately behind the other in the longi¬ 
tudinal axis of the embryo, the two being separated by only a few undifferen¬ 
tiated cells. The region at the apex gives rise to the cotyledons, primary leaves 
the stem apex (Fig. 4D). The inner region becomes the growing point of the 
primary root. This region first becomes noticeable by the delimitation of ir¬ 
regular rows of rectangular cells which resemble the characteristic parallel rows 
of cells of the central root-cap region. 



Fig. 3. — Ginkgo biloba. A. Sperm and archegonial nuclei united. X77. B. First mitosis 
after contact of male and female nuclei. (A redrawn from Hirase 1918; B from Hirase 1895). 

The cotyledon primordia originate in the marginal region of the broad 
apical end and are first distinguishable as crescentic mounds of tissue which 
rapidly grow ahead of the stem apex. Each of the cotyledons has its own apical 
meristem. Normally two cotyledons are produced, but the number is not 
constant as three cotyledons are commonly found. Freakish and deformed 
embryos have also been described. During their earlier development one of the 
two cotyledons is usually longer than the other and is notched at the apex while 
the shorter one is deeply cleft. At maturity the cotyledons are of about equal 
length. 

The primary leaves originate shortly after the cotyledons have become well 
differentiated and arise in the same manner. The periblem and plerome are not 
sharply delimited and can be recognized as general regions only. The first 
procambial tissue is differentiated in the cotyledons and passes from these back 
into the body of the embryo. The next set of procambial strands arise in con- 




Fio. 4. — Ginkgo hikha, A. Procinbryo with sixteen free nuclei (seven shown). X105. 
B. Cel) formation completed in proembiyo. X105. C. Developing embryo with meriste* 
made cells being organized in basal portion. X120. D. Median longitudinal section of older 
embryo with origin of cotyledon primordia. X98. (C, D redrawn from Lyon 1904). 
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nection with the primary leaves and are closer together than the set originating 
from the cotyledons. The shape of the embryonal stele is determined by these 
two sets of procambial strands: if there are two cotyledons, the stele is ellip¬ 
soidal as seen in transverse section, but if there are three cotyledons the stele 
is triangularly prismoidal. At the root meristem an ellipsoidal plerome nar¬ 
rows down into a broad wedge, whereas a prismoidal plerome narrows down 
into a blunt pyramid. In the mature embryo five leaf primordia are usually 
distinguishable. 

Polyembiyony:- Generally only one of the two archegonia normally present 
is fertilized to develop into an embryo. The other archegonium is often also 
fertilized, but one of the two embryos presently aborts. Three archegonia may 
rarely occur and all three may produce embryos. In several recorded instances 
a single proembryo may produce two (twin) embryos, of which one usually 
aborts before maturity is attained. 

Cook, M. T. 1902. Polyembryony in Ginkgo. Bot. Gaz. 34: 64-65. 
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Bot. Mag. Tokyo 32: 139-143. 
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Shimamura, T. 1931. A note on the mitotic division in the proembryo of Ginkgo^ with special 
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Essential Features of the Embryogeny of the Pinaceae:- All genera in¬ 
cluded in the family are polyembryonic. This results from the fertilization of 
several archegonia, and the condition is described as simple polyembryony. 
In many conifers, moreover, each zygote splits into several to many embryos, 
giving rise to the condition known as cleavage polyembryony. There is ample 
evidence in the organization of the young embryo to indicate that in those 



Fig. 5. — Pinus lambertiana. A. Microgamete sinking into archegonial nucleus. X353. 
B. Segregation of male and female chromosomes on separate spindles. X450. Pinus mono- 
phylla, C. Later stage than preceding, with two groups of chromosomes on common polyarch 
spindle. X450. D. Archegonial nucleus, at a stage about intermediate between B^and C. 
X270. E. Anaphase of first embryonal mitosis. X270. (B~E from Haupt 1941). 

species in which cleavage of the zygote does not occur they were derived from 
forms in which cleavage polyembryony prevailed. 

Most species in the Pinaceae possess several archegonia. In Pinm there 
are from two to six in most of the species, but in P. radiata and perhaps one or 
two other species there is usually only a single archegonium, which probably 
indicates an advanced and highly specialized condition. All the archegonia m 
a given ovule are ordinarily fertilized; even if fertilization does not take place, 
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the ovulate strobilus may nevertheless continue apparently normal growth but 
viable seeds naturally are not produced. Examples of this condition are com¬ 
mon in FinuSy Cedrus and Sequoia. In cultivated specimens of Cedrus the 
staminate strobili do not appear until the ovulate strobili are almost fully de¬ 
veloped so that fertilization is not effected at all. 




Fio. 6. — Pinus lambertiana. A. Two free nuclei in center of archegonium. (The small 
rounded bodies are presumably protein granules.) X70. B. Four free nuclei in center. X70. 
C. Free nuclei (three shown) being pulled to base of archegonium by fibrils. X235. D. Free 
nuclei (two shown) at base. X235. (Original)^ 

Fertilization:* The process of syngamy has been accurately described in its 
entirety for only a few species. The most comprehensive account is that for 
two species of PinuSy F. lambertiana and P. monophylla. Descriptions for the 
other genera arc mostly fragmentary or so old as to be unreliable. 

The microgametophyte of Pinus pours its contents — dense cytoplasm 
gorged with starch, small tube nucleus, stalk cell and two large male nuclei of 
unequal size — mto the archegonium. ^ The larger male nucleus ordinarily is the 
functional one. When the nucleus reaches the archegonial nucleus, the two 
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become flattened along the plane of contact. The nucleoplasm of the male 
nucleus is much denser than that of the archegonial nucleus (Fig, sA), As 
the former sinks into the latter the nucleoplasm becomes less dense until the 
density of the two is finally equal. The membranes separating the fusing nuclei 
gradually disappear where they are in contact and simultaneously two groups 
of chromosomes become differentiated intranuclearly (Fig. 5B). One group is 
derived from the male nucleus, the other from that of the archegonium. Sep¬ 
arate multipolar polyarch spindles are then formed (Fig. 5C, D) and these 
presently converge into a common diarch spindle. The two groups of chromo¬ 
somes move together and soon lose all identity as to their origin (Fig. 5E). 
This is the first sporophytic mitosis since the total number of chromosomes is 
equivalent to the normal diploid number. Two small free nuclei are the end 
result. 

In Abies balsamea it has been reported that a haploid number of paired 
chromosomes, each pair consisting of a single paternal and maternal chromo¬ 
some, arise following nuclear fusion. However, the actuality of such an oc¬ 
currence is questionable. 

PolyembryonyAs was mentioned above, polyembryony is the dominant 
feature of the embryogeny of the Pinaceae. The term “polyembryony” has 
come to have a more precise definition in its application to the Coniferophyta 
than to the Anthophyta. In the former the term is used solely to designate a 
plurality of embryos which arise from the cleavage of a single archegonium 
(cleavage polyembryony) or from the fertilization of several archegonia 
(simple polyembryony). In both types of polyembryony each embryo is in 
competition with the others for survival and only one, as a rule, finally reaches 
full maturity although more than one seedling has been raised from a single 
seed in a few species of Pinus. The suspensor in the Coniferophyta has been 
described as “an organ of competition, the structure upon whose merit the 
selection of the surviving embryo depends,” whereas in the Anthophyta the 
suspensor is usually a short-lived structure of comparatively unchanged cells. 

The embryogeny of Pinus is probably the most primitive among the Conif¬ 
erophyta, and cleavage polyembryony doubtless originated somewhere in the 
ancestry of this genus. This peculiarity has persisted for a long time in the 
evolution of the conifers, but has become suppressed or eliminated by a num¬ 
ber of distinct methods in various more advanced genera. Aborted rosette 
cells, embryos developed from rosette cells, and many other features of the 
young embryo are merely results of cleavage polyembryony. The apical cell 
so conspicuous in Pinus embryos is doubtless a persistent character derived 
from Pteridophytic ancestors. 

Larix, Picea and Pseudotsuga have only simple polyembryony; Pinus^ 
Cedrus and Tsuga have cleavage polyembryony. Abies (as based on A. bal¬ 
samea) normally shows only simple polyembryony, but an occasional em¬ 
bryo has been found with cleavage polyembryony. The remaining genus, 
Keteleeria, remains uninvestigated. 

Proembryo:- The earlier stages in the embryogeny of the Pinaceae are best 
understood from the description of that of Pinus^ which may therefore be taken 
as representative of the other genera. 

The daughter nuclei resulting from the first zygotic mitosis are rather small 
at first but rapidly increase in size and presently divide simultaneously (Fig. 
6A). The four free daughter nuclei (Fig. 6B) aga,in are small at first, then in¬ 
crease about twice in bulk. Fine fibrils appear in the archegonial cytoplasn^ 
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around each nucleus, then increase in diameter and length and become ex¬ 
tended to the base of the archegonium. There some of the fibrils become trans- 



Fic. 7. — Pinus latnbertiana. A. Four free nuclei (two shown) at base of archegonium, 
surrounded by fibrils. X185. Pinu^ radiata, B. First division of free nuclei. X235. C. 
Proembryo with two tiers of four cells each. Cell formation in process of completion. X235. 
Pinus laricio, D. Three-tiered proembryo. X235. E. Four-tiered proembryo. Early 
elongation of suspensor cells. X235. Pinus radiata. F. Two of the four primary embryos 
have delimited the primary suspensor initials. X235. G. Apical cells of primary embryos 
(two shown) have delimited first embryonal tubes; primary suspensor initials commencing to 
elongate. X235. H. Third segments delimited. X235. (Original). 

versely appressed to the archegonial membrane and soon the nuclei become 
pulled to the base of the archegonium by means of the tractive force exerted by 




Johansen 


— 26 — 


Embryology 


the fibrils (Fig. 6C, D). This traction mechanism is always present, though 
demonstrable only by special staining methods, whether the ovulate strobilus 
is pendant, erect or oriented in any which direction in nature, since the great 
majority of the ovules in a given strobilus are so oriented that the nuclei can 
not fall directly to the base of the archegonium through the force of gravity. 
It has been demonstrated in P, thunhergii that the change in position of the 
ovulate strobili from the vertical to the pendant after fertilization has no effect 
on the development of the embryo. 

Soon after the nuclei are pulled to the base the fibrils appear to become dis¬ 
organized, or at least to lose the appearance of being fibrils, but their substance 
remains. This substance, which stains very deeply, has been noted by the 
majority of investigators. The mass at first surrounds all the nuclei but pres¬ 
ently moves away from the vicinity of each nucleus and becomes concentrated 
where cell wails are presently developed. The nuclei are arranged in a single 
plane at the base of the archegonium when they first arrive at this position. 
All next divide simultaneously to form two tiers of nuclei (Fig. 7B), with four 
nuclei in each tier. The first transverse walls are produced during the con¬ 
clusion of these mitoses, followed by vertical walls in each tier by secondary 
transverse spindle fiber connections formed between the nuclei (Fig. 7C). 
The exact mechanism of wall formation is still not perfectly clear since events 
are obscured by the presence of the remnants of the fiber substance. It is 
highly probable, in any event, that the fibril substance does not participate in 
any way in the construction of the cell walls. 

The lower tier of cells is completely enclosed by walls but the upper tier is 
open toward the apex of the archegonium, hence is incompletely walled. The 
next division usually occurs in the upper tier, but may occasionally take place 
in the lower tier, and results in three tiers of cells (Fig. 7D). The upper tier 
again remains unwalled above. Still another division occurs, usually in the 
lowest tier, to complete development of the proembryo. The latter, therefore, 
consists of twelve cells completely enclosed by walls and four cells open at the 
top, all arranged in four uniform tiers of four cells each (Fig. 7E). Each tier 
except the upper one has a definite function to perform in the succeeding de¬ 
velopment of the embryo: the lowest tier forms the embryo proper, the cells 
of the second tier elongate to produce the primary suspensor, the third tier 
becomes the rosette cells, and the upper tier presently disintegrates. 

Rosette cells are present in Pinus, Cedriis, Tsuga and Pseudolarix; they 
are present but become aborted early in Abies^ Picea and Larix, and are ab¬ 
sent in Pseudotsuga, 

Embryo:- Each of the eight walled cells of the first two tiers may be re¬ 
garded as potential embryo initials. The lowest tier is the source of the four 
primary embryos and the upper tier that of the four rosette embryos (Fig. 7D). 
The four primary embryos are developed promptly, while those of the rosette 
tier are somewhat delayed in growth. Occasionally one or more of the eight 
cells — most frequently those of the rosette tier — may either fail to grow 
further or disintegrate completely. From the beginning each of the eight cells 
which grows further develops by apical cell growth. The four cells of the low¬ 
est tier divide once and interpose another tier of cells (the primary suspensor 
initials) which represent the first segments delimited by apical cells each with a 
single cutting face (Fig. 7F). A sixteen-celled late proembryo stage is the 
result. Simultaneously the cells of the primary suspensor tier commence to 
elongate and thrust the terminal cells forward into the corrosion cavity which 
has just been formed through enzymatic action. Shortly after the suspensor 
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cells have begun to elongate, the apical cells delimit the second segments (the 
first embryonal tubes) of their respective embryos (Fig, 7G); then the third 
and subsequent segments are cut off (Fig. 7H). In certain species of PintiSy 
the four apical cells of the lower embryos have become separated and distinctly 
rounded off at the tip by this time, and the older segments elongate successively 
to produce suspensor-like secondary additions which are more commonly called 
embryonal tubes (Fig. 8A, B). In other species the four embryos still adhere 
closely for some time by their primary suspensor cells, in that actual separation 
occurs later. 

Those embryonal tubes fijst formed may elongate as a single unit of cells 
but sooner or later the successive additions divide by vertical walls before 
elongation commences and then elongate as two collateral embryonal tubes. 
There is probably no actual difference between the primary suspensor cells and 
the embryonal tubes, except in the order of their origin. The elongation of 
both types of suspensor cells is so rapid that it presently exceeds the rate of 
enlargement of the corrosion cavity and as a consequence the suspensors and 
embryonal tubes become coiled and convoluted. The suspensor cells first 
formed soon collapse. 

The embryo initials of the rosette tier remain quiescent during the earlier 
stages of suspensor elongation, but soon commence to divide. Each initial of 
this tier divides independently of its fellow's and forms a group composed of 
several cells which assume a polarity in one direction or another. Some of the 
rosette initials may disintegrate and disappear while still unicellular or the 
process may not begin until several cell divisions have been undergone. Oc¬ 
casionally the initials may elongate to resemble suspensor cells. After the 
rosette embryos have become well developed they sometimes manifest a char¬ 
acteristic apical cell growth and short suspensor cells or embryonal tubes may 
be produced. Nevertheless, rosette embryos with extensively developed and 
elongated suspensors are rarely encountered. As a rule, all of them become 
aborted when they have grown to include about twelve cells, but well developed 
embryos have been observed in P. montana {P, mugo) which were presumably 
derived from rosette cells since they occupied the space above the primary 
embryo and were laterally oriented. 

A struggle for existence and supremacy now sets in between both the four 
lower embryos derived from each archegonium and those derived from other 
archegonia (the latter condition exists only when two or more archegonia are 
pxesent in the same ovule). A variation in the degree of growth and develop¬ 
ment of the different embryos soon becomes manifest. Ordinarily those em¬ 
bryos most deeply seated at the apex of the corrosion cavity grow fastest; at 
least it is apparent that they occupy their positions in the forefront because 
their cells had multiplied more rapidly and their suspensors had elongated 
more quickly. It is rare that more than one embryo attains maturity in a 
given ovule, but the existence of tw'o fully developed embryos has been re¬ 
ported for Pinus monophylla, P. edulis and P. torreyana. 

In most species of Pint^ the activity of the apical cell does not continue 
throughout the entire period of differentiation of the embryo. At first it is a 
hemispherical cell with a single cutting face and resembles that of Chara and 
of filamentous fern gametophytes (Fig. 8A, B, D). After from three to five 
segments have been delimited it becomes transformed into an apical cell with 
three cutting faces and is then like that at the stem or rhizome apex of Equi- 
$etum (Fig. 8C, F). The segments which it cuts off proliferate rapidly in vari¬ 
ous planes. In P. banksiana the apical cell was still recognizable in embryos 
with about $00 cells and in P. montana it is clearly distinct in fully mature 
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embryos. The latter is an extreme instance; generally the apical ceU becomes 
indistinguishable before the cotyledons make their appearance. There is some 
evidence in P. radiata that the apical cell ends its career by producing the torus 
and corpus of the stem apex, probably by a final periclinal division, but proof 
of the actual occurrence of such a division has not been adduced. 



Fig. 8 . — Pinus ponderosa. A-B, D-E. Four successive stages in development of young 
embryo (drawn from whole mount dissected preparations). X175, Pinus nigra. C, F. Two 
successive stages of the developing embryo; apical cell present. X141. Pinus banhsiana. 
G. Embryo shortly before cotyledon formation begins; apical cell has disappeared. X175. 
Pinus radiata. H. Median longitudinal section of mature embryo. The cotyledons are pro¬ 
portionately shorter than in many other species. {Original). 


The mean number of cotyledons in Pinus is eight. The low species are P* 
banksiana with from three to six and P. contorta with from two to eight. The 
high species are P. lamberHana with from twelve to eighteen and P. sabiniana 
with from seven to eighteen. 
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Comparative Embryogeny:- The following key indicates to a certain degree 
the relationships of the various genera from the embryological standpoint. 
The one exception is that Larix is more closely related to Finns and Cedrus 
than is indicated by its position in the key. 

Each fertilized archegonium (with rare exceptions in Ahies) gives rise to only one em¬ 
bryo (Simple Polyemhryony); apical cell absent. 

Tier of rosette ceils present. 

Primary suspensor tier is followed by a succession of three or four similar addi¬ 
tions .Picea 

Primary suspensor becomes very long and is succeeded directly by secondary sus- 

pensors.Abies 

Tier of rosette cells is not formed.Pseudotsuga 

Each fertilized archegonium gives rise to more than one embryo (Cleavage J^olyem- 
bryony); apical cell usually present. 

Rosette embryos present. 

Polarity units (capable of developing into embryos) eight in number. 


Cleavage of four primary embryo initials occurs early.Pinus 

Cleavage of four primary embryo initials occurs late.Cedrus 


Polarity units indefinite in number, increasing during early embryo growth 

.Keteleeria 

Rosette embryos absent. 

Apical cell present; suspensor cells not embryo-forming. 

Rosette cells very ephemeral.Tsuga 

Rosette cells persistent . Larix 

Apical cell not definitely known; several successive suspensor cells are embryo¬ 
forming .Pseudolarix 

The series of diagrams presented in Figs. 9 and 10 will serve to elucidate 
the above features more clearly. 

The various genera, with the exception of PinuSj will now be discussed in 
slightly greater detail. 

Picea .— As in PinuSy the late proembryo of P. smiihiana consists of four 
tiers of four cells each. The uppermost tier of incompletely walled cells soon 
disintegrates. The next tier consists of rosette cells; the third is composed of 
suspensor initials which elongate as a unit. The lowest tier of embryonic cells 
divides shortly after elongation of the suspensor has begun. 

The first division of the embryonic cells is soon followed by another series 
of divisions in the lower cells. The result is that each of the original four cells 
of the lowest tier of the proembryo is supplanted by three cells, making a 
total of twelve. The first two tiers are embryonal tubes and subsequent to 
further development constitute the secondary suspensor. The tier adjacent 
to the suspensor begins to elongate and is followed by the next tier and later 
by those of succeeding tiers to be added by further divisions of the apical tier. 
It is probable that the third tier of embryonal tubes is the final set to be de¬ 
limited in most instances, but one or two more may be produced. Later the 
embryonal tubes lose their symmetry to become interlaced and irregular in 
their rate of elongation as they erect the massive secondary suspensor. 

The precocious division of the embryonic cells to form an additional tier is 
a feature which characterizes Picea. In the related Abies the embryonic tier 
usually does not divide until after the suspensor has become very much elon¬ 
gated. 

The rosette tier remains extant for some time but the nuclei disintegrate 
without undergoing division, at about the time the nuclei of the primary sus¬ 
pensor cells disappear. 

The successive suspensor cells collapse in the order of their origin. The 
cells of the successive segments become from twenty to thirty times as long 
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as their original diameter before the nuclei disappear and the individual ele¬ 
ments collapse. 

The median number of cotyledons in the genus is six; P. mariana and P. 
ahies are low with three and P. orientalis is high with a report of fourteen coty¬ 
ledons. 

Abies. — The species studied include A. balsamea, A. grandis, A. pinsapo, 
A. venusta and A. amabilis. 

There is no account of the development of the proembryo which is wholly 
acceptable. An older description of proembryonic development in A. balsamea 



Fig. 9. — Comparative series of similar stages in the development of the embiyos of Pinus 
laricio {P. nigra) (A, B), Cedrus lihani (C, D), Tsuga meriensiana (E, F) and Pseudolarix ama- 
bilis (G, H). Symbols: j, primary suspensor; ei, fj, embryonal tubes; r, rosette cells which may 
give^rise to rosette embiyos, re. (From Buchholz 1931) (See also Fig. 10). 

has been thrown open to question as a result of a later study of the growth of 
the embryo. Proembryo development probably is very similar to that in 
Pinus and agrees with that of Ficea. 

Abies differs from the related Ficea in that the three tiers — suspensor, 
rosette and embryonic — of cells do not divide until after the suspensor tier 
has elongated to a considerable extent. All trace of the tier of relict nuclei 
vanishes at an early stage. Presently the embryonic tier successively divides 
to produce three tiers of four cells each. 

The suspensor tier elongates to a remarkable extent in A. venusta and A. 
pinsapOf but less so in . 4 . balsamea. Each cell has elongated to approximately 
sixty times its original diameter by the time the first division occurs in the 
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embryonic tier and finally becomes 150 to 200 times this length before collapse 
of the secondary suspensor commences. The nuclei are no longer recognizable 
when elongation ceases. 

Elongation of the embryonal tubes produces the secondary suspensor. The 
developing embryo becomes wider and the number of elongating cells increases 
in proportion so that the secondary suspensor becomes progressively more 
massive. The latest additions to the mass elongate most rapidly; the system 
becomes considerably coiled and convoluted. 

Rosette cells are usually present in A, veniista and the majority may pro¬ 
duce embryos. Such cells have been described as being absent in other species, 
but this is a matter of some doubt. The rosette embryos are not developed until 
after the primary suspensor has fully elongated. 



Fig, 10. — Stages similar to those in Fig. 9, for Abies halsamea (A, B), Picea excclsa (C, D, 
E), Larix kaempferi (F, G) and Pseudotsuga taxifoHa (H). Symbols are the same. Rosette 
cells are usually aborted or are entirely absent, and the embryo initials in the zygote combine 
to form a single embryo, (From Buchholz 1931). 

The number of cotyledons on the mature embryo varies between five and 
eight. A conspicuous calyptroperiblem, which is the conifer equivalent of a 
root cap, is present. It merges with the secondary suspensor and surrounds 
the plerome of the root tip. 

Cleavage polyembryony occurs in from 10% to 13% of all observed in¬ 
stances and as many as four embryos may attain the eight- to sixteen-celled 
stage before elimination commences. Whether cleavage is to occur or not 
depends entirely on the completeness of the fiber system developed during the 
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eight-celled stage. When it is complete, there results a variable degree of 
separation between the adjoining cells and the latter may thereupon develop 
independently into embryos. If hber formation is incomplete, a single embryo 
is the result. Generally speaking, simple polyembryony characterizes the 
genus Abies. 

Pseiidotsuga .— The proembryonic stages are essentially the same as in 
Pinus. While the suspensors are elongating a mucilaginous plug, similar to 
the cellulose plug in PodocarptiSy is formed at the base of the archegonium 
above where the rosette tier might be located if such were formed. An apical 
cell has not been observed. The cotyledons on the mature embryo vary in 
number from five to nine. 

Cedrus .— The embryogeny of C. deodara and C. atlaniica is precisely like 
that of Pinus. The primary suspensors elongate tremendously and the em¬ 
bryonal tubes may elongate before the lower embryos become separated. 
Cleavage polyembryony is characteristic of the genus, but the separation is 
relatively delayed in comparison to Pinus. Rosette embryos occur; they do 
not develop much beyond those of Pinus. There appears to be an apical cell 
in the younger embryos, but it is not as regularly observed as in Pinus. The 
mature embryo generally has nine cotyledons; the number ranges from seven to 
eleven in C. atlaniica, nine to fifteen in C. deodara and from eight to ten in C. 
libani. 

Keteleeria .— The embryogeny of Keteleeria is known only for the anatomy 
of the mature embryo, but from scattered observations it might be stated that 
the number of cells capable of developing into embryos becomes increased 
during early growth. This genus otherwise greatly resembles Pinus and Cedrus 
embryologically. The cotyledons number from two to four. 

Tsuga .—An apical cell has been observed in younger embryos, in which 
respect this genus resembles Cedrus. Cleavage polyembryony is extensive. 
The rosette cells degenerate early. While the cotyledons average five in 
number, most species have from three to four. 

Larix .—This genus, as exemplified by L. decidua, L. laricina and L. lepto- 
lepis (L. kaetnpferi), is essentially like Pinus in its embryogeny. The cells of 
the rosette tier collapse without producing embryos, but they may remain ex¬ 
tant for a considerable period. The cotyledons average five on the mature 
embryo, ranging in number from four to seven. 

Pseudolarix .—The early embryogeny of P. amabilis (P. kaetnpferi) re¬ 
sembles that of Pinus closely. The rosette tier, however, does not form em¬ 
bryos, and perishes undivided. On the other hand, each of several successive 
suspensor cells is embryo-producing. This constitutes a unique and extreme 
condition of cleavage polyembryony. The lowest tier of four embryonal in¬ 
itials, which become detached in Pinus to form separate embryos, remain united 
in Pseudolarix and become combined to produce a single embryo. The pres¬ 
ence of an apical cell has not been demonstrated. In P. amabilis the coty¬ 
ledons number from four to five. 
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Chapter IV 

ARAUCARIACEAE 

Fertilization:- The microgaxnetophyte contams two large male cells or 
sperm nuclei and numerous smaller nuclei, consisting of prothallial, stalk and 
tube nuclei, which look much alike. 

The actual process of syngamy has been described, probably only partially, 
for Araucaria angustifolia {A, braziliana), in which a male cell comes into con¬ 
tact with the nucleus of the archegonium and the cytoplasm of the former 
envelops both nuclei. The latter phenomenon is a feature characteristic of 
the family. The two nuclei remain in contact for some time, then a perforation 
at the point of contact occurs and the gap stretches until the contents of the 
two nuclei are contained in a common cavity. The fusion nucleus divides 
shortly thereafter; this mitosis has been described as bemg intranuclear in 
Agatkis australis^ hence it is probable that fertilization in the Araucariaceae 
is essentially similar to the more fully described process occurring in Pinus. 

ProembiyoThe zygote nucleus, surrounded by the dense sheath derived 
from the cytoplasm of the male cell, is generally located slightly below the 
center of the archegonium. The daughter nuclei resulting from the first 
zygotic mitosis assume various positions (Fig. iiA), then divide simultaneously 
to produce a proembryo with four free nuclei (Fig. iiB). The Araucariaceae 
differ sharply from all other Coniferophyta in that the nuclei do not migrate 
to the basal end of the archegonium and there continue the development of 
the proembryo, but retain their central positions. Subsequent divisions of the 
free nuclei appear to follow no definite order and are not simultaneous. It is 
a most remarkable fact that mitoses in the proembryo of any araucarian have 
never been observed. In Araucaria angustifolia the total number of free nuclei, 
before wall formation sets in, is not less than 32 nor more than 45 (Fig. iiC~G); 
in Agaihis australis the number may be anywhere from 32 to 64. It is therefore 
apparent that the number of nuclei present when wall formation commences 
is very variable. At this juncture the nuclei are evenly distributed in a con¬ 
centric fashion throughout the proembryonic cytoplasm, which in the mean¬ 
time has increased in volume but slightly. 

Elongation commences simultaneously in both the upper and lower groups 
of cells immediately upon completion of wall formation (Fig. iiH). The lower 
group of cells is destined to produce the cap; generally no further divisions take 
place at any subsequent period in these cells. The upp)er group of cells pro¬ 
duces the suspensors; these cells divide longitudinally to increase their number 
to about twice what it originally was (Fig. iiI). The upper ends of the sus- 
pensor cells are forced backward and upward until they are stopped by the 
intact ap)ex of the archegonium {Araucari(i) (Fig. 12A), or may be forced 
through the ruptured top {Agathis), The central group of cells constitute the 
embryonic initials; they remain inactive until after the primary suspensor cells 
complete development (Fig. 12B, C). 

The growth of the suspensor system is rapid; in Araucaria angustifolia the 
total number of cells is close to twenty, and in Agaihis australis the number 
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ranges from eleven to thirty-eight. Usually there are three or four proembryos 
developing in a given ovule; their suspensors become tightly coiled together. 
One proembryo finally emerges below the others, the victor in the struggle 
for survival, and the latter slowly disintegrate. No evidence of any splitting 
which could result in polyembryony has been observed, although two sub¬ 
joined mature embryos have been found in Aramaria angmtifolia. The 



Fio. II. — Araucaria angustifolia (A. hrazUiana). A. Archegonium with 2-nucleatc pro- 
embryo near base. X247. B. Four-nucleate proembryo, with nuclei disposed near base. 
X727. C. Six-nucleate proembryo, with nuclei evenly distributed. X727. D. Nine-nucle¬ 
ate proembryo (six nuclei shown). X727. E. Ca. 21-nucleate proembryo (ten nuclei shown). 
X727. F. Ca. 32-nucleate proembryo. X727. G. Ca. 45-nucleate proembryo. The nuclei 
are arranged in position for wall formation; the apical nuclei (at base) have become slightly 
elongated. X727. H. Beginning of wall formation in proembryo. X727. I. Late proem- 
biyo; early elongation of suspensor initials. X727. {Original), 

primary suspensor cells begin to disintegrate shortly after the embryonic 
initials commence growth and presently disappear, their place being taken by 
a massive secondary suspensor system (Fig. 12D). 

The nature of the proembryonic cap of the araucarians is a puzzling feature. 
It remains unchanged from the time of its maturity until completion of primary 
suspensor development. The cap has the appearance of a highly specialized 
structure, but its actual functions remain conjectural. It may serve to protect 
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the embryonal initials, to elaborate digestive enzymes, or to prevent the oc¬ 
currence of polyembryony, according to various authors. None of these con¬ 
jectures is by itself wholly convincing. When development of the embryonal 



Fig. 12 . — Araucaria angustifolia. A. Diagram of entire proembryo with elongating sus- 
pensor system. Remains of archegonium at apex. X105. B. Proembryo with cap and por¬ 
tion of suspensor. X352. C. Slightly older stage than precedi^. X352. D. Early em¬ 
bryo, with suspensor and cap cells shed and in process of disorganization. X352. F). Devel¬ 
oping embryo, before origin of cotyledons, in median longitudinal section. X278. (Original), 

initials commences, the cap cells begin to disintegrate, then become crushed 
by the growth of the embryo and shortly disappear (Fig. 12D). 

The embryonic initials of the central part of the proembryo which have 
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remained inactive until the development of the primary suspensor was con¬ 
cluded now begin rapid growth. At first all cells grow and divide about equally, 
then the upper ones begin to enlarge and elongate, while divisions continue 
interruptedly in the lower cells. The upper cells gradually cease dividing and 
elongate to produce a massive secondary suspensor which pushes the embryo 
still further down intp the endosperm. The lower cells produce a large cylindri¬ 
cal body of meristematic tissues after which the activity of the apical meristem 
practically ceases (P"ig. 12E). 

Embryo Development of the embryo now commences with the delimita¬ 
tion of three new meristems. One of these originates in the region where the 
secondary suspensor joins the main body and constitutes the growing point 
of the hypocotyl and root. The other two develop at opposite sides of the origi¬ 
nal apical meristem and quickly produce the two cotyledons. The remains of 
the original apical meristem continue dormant and later form the meristems of 
the growing point when the seed germinates. Growth extends over a period 
of about two months and is confined largely to the cotyledons, which are ex¬ 
ceptionally large in comparison to the remainder of the embryo. The vascular 
tissues arc early delimited. Seven vascular bundles traverse the cotyledons and 
each is traceable back to its separate union with the vascular cylinder of the 
hypocotyl. The procambia! strands form a hollow cylinder in the latter. 

Resin canals are abundant only in the cortex of the embryo and in the 
cotyledons and do not occur elsewhere. Tissues of the stele and cortex are all 
alike at first and no definite boundary (a pericycle) between the two tissues 
can be perceived. 

Summarizing, it might be said that the features which distinguish the 
araucarian proembryo from those of other Coniferophyta include: (/) the re¬ 
tention of the free nuclei in the approximate center of the archegonium; {2) 
concentric arrangement of the free nuclei at the time of wall formation; (j) com¬ 
plete encirclement of the embryonal initials by the cap and suspensor cells; 
and {4) mode of formation of the secondary suspensor system. 

Buklingame, L. L. 1915. The morphology of Araucaria hraziliensis. III. Fertilization, the 

embryo and the seed. Bot. Gaz. 59: 1-39, 

Fames, A. J, 1913. The morphology of Agathis australis. Ann. Bot. 27: 1--38. 




Chapter V 

SCIADOPITACEAE 

The family includes only the genus Sciadopitys. 

Fertilization:- All nuclei contained in a microgametophyte (tube nucleus, 
stalk nucleus and two microgametes) are discharged into an archegonium. 
The larger sperm nucleus alone unites with the archegonial nucleus. The 
position of the latter may be in the center of the archegonium or a little higher 
up. The chromosomes, as in other carefully investigated Coniferophyta, are 
resolved into two separate groups whose spindles presently fuse into one. 

ProembryoThe polarity of the spindle of the first mitosis appears to be 
variable. It is sometimes parallel to the longitudinal axis of the archegonium, 
sometimes transverse to this axis, and occasionally oblique. The first two 
nuclei are free and remain near the center of the archegonium. The second 
mitosis follows soon after the first. Four free nuclei result and all then pass 
to the base of the archegonium and there enlarge. Earlier accounts described 
the formation of cell walls succeeding the third division, but it now appears 
to be more probable that there are five free nuclear divisions which result in 
32 nuclei. These 32 nuclei then become arranged in three tiers, each containing 
about ten nuclei. Cell wall formation commences at this stage, and is com¬ 
pleted after the sixth simultaneous series of nuclear divisions. In the upper¬ 
most tier, some of the cells remain open toward the apex of the archegonium. 

EmbryoThere is some question as to which of the tiers of cells participates 
in the formation of the prosuspensor and rosette cells: the earlier accounts of 
the first stage of embryo development are undoubtedly based upon misinter¬ 
pretations and no subsequent investigation of these stages has been made. 
The lowest tier comprises the embryo initials. Not all embryo systems, as ob¬ 
served at a later stage of growth, have a rosette group; when the rosette cells 
are absent, it is probably the uppermost tier of cells which elongates as a 
group of prosuspensor cells. When the rosette cells are present, the prosus¬ 
pensor cells are undoubtedly derived from the second tier of cells and the 
rosette cells from the third tier. 

The prosuspensor grows rapidly and becomes exceedingly long, coiled and 
twisted as it pushes the terminal group of embryonic initials deep into the 
gametophytic tissues (Fig. 13A). The mechanical pressure is so great that 
embryonic cells are occasionally crushed. The prosuspensor usually consists 
of from seven to nine cells. When the prosuspensor has become fully elongated 
the nuclei disappear and the cells soon begin to collapse. Later the primary 
suspensors force the remnants of the prosuspensor back into the archegonial 
region. 

The embryonic initials remain one-celled during the elongation of the pro¬ 
suspensor, then become two-celled. From these two-celled initials primary 
suspensors may commence elongation before the prosuspensors have attained 
their maximum development. These primary suspensors elongate rapidly, 

( 38 ) 




Fig. 13. — Sciadopitys vtrtidUata, A. Embryo system at time prosuspensor (ps) is fully elongated, with aborted 
cell at tip; there are only three rosette cells above prosuspensor, the central one of which has divided. X50. B. 
Complex of two adjoining 83rstem8; many embryo units are producing primary suspensors while others still remain 
without elongated primary suspensors, giving appearance of suspensor system in two sections. X50. C. Similar 
stage; embryo at left remains at same stage as in A, while one at right is slightly older than in B and has many three- 
and four-ceiled embryos on elongating primary suspensors. X50. D. Embryo system with elongated primary 
suspensors (s) which have pushed the coi^psed prosuspensor toward apex of archegonium; rosette embryos (re) are 
ready to form primary suspensors; embryonal tubes («i, «t) are beginning to elongate from many embryos. X50. 
E, F. Successive stages in development of individual embryos after secondary suspensors have become multicellu¬ 
lar. (Esdrown/fotw Bucrhou xo3x). 
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and during this process some of the adjacent embryonal cells begin elongation 
to initiate the formation of embryonal tubes which comprise the secondary 
suspensor (Fig. 13, C, D). 

A number of embryo initials may become disintegrated while the prosus- 
pensor is elongating. It is usually a terminal cell which becomes transparent 
and empty; it is in the position of the cap cell of Podocarpus spicatus and Ce- 
phalotaxus. Through abortion or mechanical crushing, it is evident that the 
number of embryonic initial groups may vary considerably at a later stage. 

Development of the embryo is initiated by the formation of an apical cell. 
It has been stated that the primary suspensor cell appears to be the first seg¬ 
ment of this apical cell. The second wall is oriented nearly vertical to the first 
one and the third wall is inclined to both of the first two walls. The apical 
cell probably has three cutting faces. Precisely when the apical cell becomes 
no longer recognizable is not known, but it appears to cease activity when the 
total number of cells in the embryo is much less than that in Finns embryos. 

Despite losses from abortion and crushing, each fertilized archegonium in 
Sciadopitys verticillata gives rise to more embryos than are known to be pro¬ 
duced by any other genus in the Coniferophyta. Each embryo system exhibits 
an extreme type of cleavage polyembryony, splitting into many distinct em¬ 
bryos (Fig. 13D). A single embryo, generally a terminal one, gains an ad¬ 
vantage over the others and commences to push them back by means of its 
embryonal tubes. The suspensor becomes more and more massive by suc¬ 
cessive additions of embr>’onal tubes, which elongate backward from the 
embryo (Fig. 13E, F). 

The formation of the stem tip appears to be delayed until after germination 
of the seed begins. This condition resembles that found in Cephalotaxus. Two 
cotyledons usually are formed, though three have occasionally been observed. 

Bud and Twin Embryos:- Well developed young embryos may become 
deeply lobed and finally divide to form twin embryos. Nearly mature twin 
embryos have been observed, which were on the end of a common, closely 
interwoven secondary suspensor. These embryos are considered to be identical 
twins resulting from the division of a single young embryo, since it is improb¬ 
able that two embryo systems could contribute two mature embryos to the 
combined polyembryonic complex. Such twin embryos could conceivably 
both germinate, as similar instances are known in Finns. 

Other embryos may be produced by a later division of some of the larger 
multicellular embryos that have grown more rapidly than the others. In order 
to distinguish this late division of the embryo from the cleavage polyembryony 
described in the preceding paragraph, it may be designated as bud formation 
or budding. These bud embryos apparently never attain maturity or are 
capable of germinating. 

Rosette Embryos:- The rosette cells are plainly groups of embryonal in¬ 
itials because they divide and even put out suspensor cells. The rosette com¬ 
plexes eventually abort. 

Buchholz, J. T. 1931. The suspensor of Sciadopitys. Bot. Gaz. 92: 243-262. 

Lawson, A. A. 1910. The gametophytes and embryo of Sciadopitys verticillata. Ann. Bot. 

24:403-421. 

Tahara, M. 1937. Contributions to the morphology of Sciadopitys verticillata. Cytologia: 

Fujii Jubilee Vol., 14-19, 




Chapter VI 

TAXODIACEAE 


T 4 ie division of the Taxodiaceae into two subfamilies, in each of which 
there is more or less agreement in developmental details, simplifies the dis¬ 
cussion of the embryology of the family; 

Sequoidae: including Sequoia, Sequoiadendron* and Alhrotaxis. 

Taxodioideae: Cryptomeria, Taxodium, Cunninghamia, and probably the 
still uninvestigated genera Glyptostrobus and Taiwania. 

However, the suggestion that Sequoia and Sequoiadendron be combined 
into one family and that all the other genera be constituted into monogeneric 
families warrants serious consideration at some future time when knowledge 
of the morphology of all species is completely known, 

Sequoidae 

Fertilization:- The older descriptions of the fertilization process are de¬ 
cidedly questionable in their cytological aspects. The more recent accounts, 
though accurate, unfortunately omit essential cytological details. It appears, 
however, that the two microgametes from a single microgametophyte are usu¬ 
ally both functional and may enter two adjacent archegonia. The microgamete 
may become compressed as it passes between the neck cells, assuming a dumb¬ 
bell shape. In Sequoia sempervirens the microgamete nucleus is slightly smaller 
than that of the archegonium. The latter is centrally located. The fusing 
nuclei are surrounded by a dense mass of cytoplasm, but evidently no foreign 
cytoplasm is involved. 



Fig. 14. — Sequoia sempervirens. Diagrams indicating fre¬ 
quency of distribution of variations in cell arrangement in fifty 
four-celled proembiyos. (After Buchholz 1939). 

Proembr]^ and Embryo:- The three genera differ so much that separate 
accounts of subsequent events are necessitated. 

Sequoia sempervirens ,— The first division is transverse to the long axis of 
the archegonium and is followed by cell wall formation. There is thus no free- 
nucleate stage in this species. A fertilized archegonium normally produces a 


* At first the author accepted Buchholz’s segregation of Sequoiadendron from 5 c- 
quoia, as the arguments appeared to be based on valid morphological grounds. After the 
present account was set in type, however, there appeared a serious criticism of the separa¬ 
tion of the two genera: Dovle, J. 1945. Naming of the redwoods. Nature 155: 254 
et seq. The segregation now appears to be unwarranted; consequently, for Sequoiaden^ 
dron read Sequoia wherever the former name appears. 





Fto. x 5 . ~ Sequoia semponiront* A. Late proeoibryo with each of tour proembryoaic edit divided into larfo pri¬ 
mary suspensor cell (i) and emaller embiyoak cell. Xtoo. B. Embryo system at early stage of suspansor elo&ga- 
tion: one embryo initial is still undivided, one divided but with siispaosor not elongated, and two have suspansor 
elongated but embryonic cell undivided. Xtoo, C. Eight embryo units derived from the fertilisation of two ad¬ 
jacent archegonia, some of which are aborting. Xioo. D. Four embryos from the same archegonium with wdl 
devebped primary suspensors (s). Xtoo. £. Later stage; many-celled embryo with embryonal tubes beginning 
to form the secondary suspansor. Xtoo. F. Multicellular older embtyo on a lecondaiy suspansor oontposed of 
numerous elongated embryonal tubes. Xtoo. (Frees Bocssou S9I0)« 
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four-celled proembryo, each cell of which is a potential embryo initial. That 
this is an actuality is indicated by Fig. 15A, which reveals what appears to be 
an eight-celled proembryo in linear arrangement but which is actually four 
two-celled embryo units. The type of cell arrangement in the four-celled 
proembryo is quite variable, probably being conditioned first by the shape 
of the archegonium and its position with reference to the microgametophyte 
and second by the axis of the archegonium. In Fig. 14 are depicted the various 
cell arrangements found in fifty four-celled proembryos, the numbers above 
each representing the frequency of distribution. 

As the proembryo enlarges it fills all of the space formerly occupied by the 
archegonium and may even encroach upon the surrounding nucellar tissues. 
Each embryo unit consists of an embryonic initial and a vacuolated primary 
suspensor cell (Fig. 15B, 16A). The suspensor initial soon begins to elongate, 
but not all embryonic units develop as they may become aborted at any stage 
(Fig. 15C). The first division in the embryo initial is parallel to the axis of 
elongation (Fig. 15C). Subsequent divisions are somewhat irregular, but lobes 
corresponding to the position of the individual cells of the three- or four-celled 
stage can be distinguished. Some of these lobes may separately develop into 
independent small embryos or they may disintegrate. The irregularities tend 
to disappear and the mass of cells becomes a single embryo on the end of the 
primary suspensor (Fig. 15D). As the embryo becomes multicellular a fringe 
of embryonal tubes elongates around the primary suspensor (Fig. 15E, F). 
These numerous embryonal tubes abruptly become a multicellular secondary 
suspensor as the primary suspensor collapses. Rosette cells are ordinarily 
absent. 

An apical cell is present for a limited period during the earlier developmental 
stages; it apparently does not persist as long as it does in Pinus, 

Usually only one embryo attains maturity and it possesses two cotyledons. 
The time elapsing between fertilization and maturity is one year. 

Sequoiadendron giganteum ,— There are three successive free-nuclear di¬ 
visions and the first walls are erected after eight free nuclei have been formed 
(Fig. 16B, C). This takes place in the lower half of the archegonium and three 
or four tiers of cells are organized. The lowest tier is commonly two- or three- 
celled and the upper tier, which divides again, is five- or six-celled (Fig. 16D, E). 
Subsequent divisions may occur at both ends of the proembryo, forming an 
additional tier of cells, as shown in Fig. 16F, G, thus producing a group of 
rosette cells in one or two tiers above the tier of five or six elongating cells. 
The latter thrust the embryonic group of cells deep into the nucellar tissues. 
These elongating cells constitute a prosuspensor (Fig. 16H). The latter soon 
becomes long and twisted but collapses Portly after attaining its maximum 
length. 

The young embryo grows by means of an inconspicuous, transitory apical 
cell. The primary embryo initial divides to form a primary suspensor cell and 
an embryonic cell. The latter is considered to be a hemispherical apical cell 
and the primary suspensor cell as its first segment, which elongates and thrusts 
the embryonic cell ahead. In the meantime the hemispherical apical cell 
divides by a vertical partition, one of the daughter cells becoming a segment 
and the other the new apical cell. The segment presently elongates into an 
embryonal tube, while the apical cell divides repeatedly on several sides 
(Fig. 16I). These segments, which are not readily recognized, may become 
elongated embryonal tubes. The apical cell appears to persist until the end 
of the first growing season. 

The primary suspensor cells segregated by the embryo initials elongate 




Fxo. x6. — Sequoia sempervireui. A. Proembiyo with four embryo units, each composed of a small embryonic 
cell and a primary suspensor cell. Xioo. Sequoiadondrofi iiganteum B-G. Stages in thr development of the pro- 
embryo. Xioo. H. Two neighboring embryo systerhs, with twisted prosuspensors with increased number of cells 
in terminal embryonic group. The rosette groups have divided, and free nuclei still remain in upper part of arche- 
gonium. Xioo. 1 . Lower portion of an embryo complex after primary suspensors have begun to collapse. Each 
embryo unit is now borne on one or more embryonal tubes, whose order of origin and elongation («t. sa, etc.) are in¬ 
dicate by their respective lengths. Xtoo. Symbols: r, rosette; ps, proauspensor; s, priiWy suapenaor. (A from 
Bucbbou xpap: B-GJrom Looby and Doyle tg$7i H-I/mm Bucbbole xpJpL 
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backwards rapidly and crush the prosuspensor. Embryonal tubes of the first 
second and third order (ei, 62, es, etc.) also appear; thus each embryonic group 
is borne terminally on a secondary suspensor composed of two or three em¬ 
bryonal tubes (Fig. 16I). Embryos may become aborted or dissociated at any 
of these developmental stages. 

Growth of the embryo is resumed the following spring and it matures at 
the end of that season (i.e., two years elapse between fertilization and ma¬ 
turity). The primordium of the stem apex becomes recognizable, in mid¬ 
summer of the second year, at the tip of a cylindrical embryo composed of 
several hundred cells. The primordium soon becomes surrounded by a circle 
of about four cotyledon primordia. The number of cotyledons in mature 
embryos is not less than three nor more than five. Despite the prevalence of 
extensive cleavage polyembryony, only one embryo survives to maturity, 
Aihrotaxis selaginoides, — While a paucity of material has prevented a 
thorough investigation of any species included in the genus Athrotaxis^ it 
does appear probable that the development of A . selaginoides is decidedly simi¬ 
lar to that of Sequoia sempervitens. 

Buchholz, J. T. ig39. The morphology and cmbryogeny of Sequoia sempervircfts, Amer. 
Jour. Bot. 26: 93-101. 

Buchiiolz, J. T. 1939. The embryogeny of Sequoia sctTipervirens with a comparison of the 
Sequoias. Amer. Jour. Bot. 26; 248-257. 

Lawson, A. A. 1904. The gamctophytes, archegonia, fertilization, and the embryo of Sequoia 
scmpervircns. Ann. Bot. 18; 1-28. 

Looby, W. J., and J. Doyle. 1937. Fertilization and proembryo formation in Sequoia. Sci. 
Proc. Royal Dublin Soc. 21: 457-476. 

Saxton, W. T,, and J. Doyle. 1929. The ovule and gamctophytes of Aihrotaxis selaginoides. 
Ann. Bot. 43: 833-840. 


Taxodioideae 

Fertilization:- All detailed accounts are rather old, but are surprisingly 
accurate from the modern standpoint. In Cunninghamia sinensis and Crypto- 
meria japonica only a single microgamete enters an archegonium, but in 
Taxodium distichum both microgametes from a given microgametophyte may 
enter the same archegonium. In the last species prothallial nuclei, the dis¬ 
organized remains of the stalk and tube nuclei and the demolished neck cells 
may also be swept into the upper part of the archegonium but not actually 
into the cytoplasm of the latter. In at least the first two species the micro- 
gamete nucleus is surrounded by a dense sheath of starch which presently 
envelops the archegonial nucleus when the two come into contact. The pres¬ 
ence of a similar sheath in Taxodium distichum has been both affirmed and 
denied. Fusion of the nuclei occurs in the center of the archegonium, and in all 
cases the microgamete nucleus is at first much smaller than that of the arche¬ 
gonium but rapidly increases in bulk until the two are nearly equal. The first 
mitosis occurs in the same position in the archegonium in Cunninghamia 
sinensis and Cryptomeria japonica but in Taxodium distichum the fusion nucleus 
moves to the base of the archegonium before dividing. The first mitosis ap¬ 
parently proceeds exactly as in Pinus and other carefully investigated genera. 

Proembryo:- Two free nuclei result from the first division; except in Tax¬ 
odium distichum^ they then move to the base of the archegonium while still 
surrounded by the starch sheath. The two nuclei divide again about as soon 
as they reach their basal positions. The next division is also free-nuclear and 
the eight nuclei which are thus produced are arranged in two tiers. Wall forma¬ 
tion now takes place, but the upper tier remains open toward the apex of the 
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archegonium (Fig. 17A). The number of cells in each tier is not constant; the 
lower group of completely walled cells may even consist of two cells one above 
the other instead of the usual side by side position. Customarily there are two 



Fig. 17. — Taxoditim dkiichum. A. Four of the eight nuclei in an eight-nucleate procm- 
bryo. X379. B. Sixteen^iucleate proembryo, with two of the four in lowest group in telo¬ 
phase; open group above shows three of the six cells. X379. C. Embiyo system with multi¬ 
cellular embryo attached to prosuspensor; each unit has divided independently of the others 
X172. D. Lower portion of a single prosuspensor cell which has become multicellular; em¬ 
bryo system at tips has one embryonal tube. X172. E. One embiyo system from a single 
archegonium, with only a portion of the extensive prosuspensor system depicted. Cleavage 
polyembryony is apparent. Secondary suspensor s)rstcm is well developed in embryo unit at 
lower left. X138. Symbols: «, embiyo; e/, embryonal tube; ef, embryo initials; 0, open tier; 
pSf prosuspensor; w, secondazy suspensor. {Redrawn from Kaeisex 1940). 

cells in the basal tier with six above, or there may be three basal and five upper 
cells or even one basal and seven upper cells (Fig. 17B). The next divisions 
may be simultaneous in all cells, as in Taxodmm iisHchum, but they are gen¬ 
erally not. The nuclei of the upper tier may divide simultaneously to form a 
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tier of prosuspensor cells and a tier of cells open above. The latter may per¬ 
sist for some time or disintegrate promptly. In Cryptomeria no walls have 
been discerned in the upper tier, but they may be merely transitory. The 
number of cells formed in the lower tier depends on how many were originally 
present: there may be a tier of four cells if there were two original cells, six if 
there were three or only two if there was but one terminal cell. A tier of four 
cells is most commonly encountered. 

The upper tier of open cells should be designated as the open tier rather 
than the rosette tier, as has been done by the older investigators, since no 
rosette embryos are later produced. The middle tier gives rise to the prosus¬ 
pensor, and the lower tier consists of embryo initials. In at least some species 
the cells of the prosuspensor are potential embryo initials since many of them 
may become embryonic. 

Embiyo:- All species so far investigated reveal extensive and constant 
cleavage polyembryony. This feature becomes apparent as soon as the embryo 
initials commence growth. 

Growth of the embryo begins with extensive elongation and coiling of the 
prosuspensor cells, during which period the embryo initials remain quiescent, 
but in Cryptomeria japonica the embryo initials may become multicellular by 
the time the cells of the prosuspensor have become fully elongated. There are 
usually four embryo complexes, each complex being derived from a single 
archegonium, although as many as six have been observed. Each embryo 
initial develops independently of the others. The first division in an embryo 
initial usually forms a wall oriented in an oblique position. The second wall is 
generally formed perpendicular to the first and in the lower cell. One of these 
daughter cells functions as an apical cell which may persist into the multi¬ 
cellular embryo. However, the dfficulties in distinguishing an apical cell in a 
well developed embryo are so great that reliance must be placed upon the 
arrangement of the successive cells produced at the apex of the embryo. The 
initials of a given embryo system may remain connected together for a short 
period but soon become separated, possibly because of the differences in the 
rate of elongation of the prosuspensor cells behind the initials. This separation, 
almost invariably found, indicates the commencement of cleavage polyem¬ 
bryony. 

When the embryo has become multicellular, initial cells of embryonal 
tubes are delimited, generally at one level at a time close to the junction of 
embryo and prosuspensor. (These embryonal tubes have been called *‘super¬ 
numerary suspensors” by the older writers.) By extensive proliferation and 
enlargement these cells become the massive secondary suspensor of the ma¬ 
turing embryo. They surround the prosuspensor and replace the latter as it 
collapses. 

The prosuspensor cells may behave in peculiar ways. They usually be¬ 
come more or less separated from one another and in Taxodium distichum 
there is a distinct tendency for them to become multicellular by internal cell 
proliferation, to cut off additional cells which may elongate slightly, or rarely 
to branch without forming transverse walls with small end cells forming at the 
tips of the branches. These end cells are potential embryo initials, but the 
embryos produced are abnormal. 

The embryo initial which has the greatest chance of becoming eventually 
the one successfully to attain maturity is that borne on a vigorously elongating 
prosuspensor and which divides most rapidly. 

The number of cotyledons varies somewhat according to the species: in 
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Crypiomeria japonica there are from two to four cotyledons, from two to nine 
in Taxodium dislichum and from three to five in T. mticronatum^ from two to 
four in Cunninghamia lanceolate, and two or three in Taiwania cryptomanioides. 

Buchholz, J. T. 1932. The suspensor of Crypiomeria japonica, Bot. Gaz. 93: 221*226. 
Buchholz, J. T, 1940. The embryogeny of Cunninghamia. Amer. Jour. Bot. 27: 877-883. 
Coker, W. C. 1903. On the gametophytes and embryos of Taxodium, Bot. Gaz. 36: 1-27; 
I14-140. 

Kaeirer, M. 1940. Morphology and embryogeny of the Bald Cypress, Taxodium dislichum 
(L.) Rich. Thesis, Univ. ol Illinois. 

Lawson, A. A. 1904. The gametophytes, archegonia, fertilization, and the embryo of 
Cryptomeria japonica. Ann. Bot. 18:417-444. 

Miyake, K. 1910. The development of the gametophytes and embryogeny of Cunninghamia 
sinensis. Beih. Bot. Centralbl. 27: 1-25. 




Chapter VII 

CUPRESSACEAE 

However coherently the Cupressaceae may be treated taxonomically, there 
are sharp embryological differences between either single genera or small 
groups of genera. The genus Thuja, for instance, stands in a class by itself, 
whereas Libocedrus, Biota and Chamaecyparis agree so substantially in their 
embryogeny that they form a group by themselves. In Thuja only a single 
embryonal initial develops further and cleavage polyembryony does not occur; 
in the other group of three genera practically all embryonal initials are func¬ 
tional and cleavage polyembryony is a characteristic feature. These embryonal 
manifestations, together with other morphological differences, render it de¬ 
sirable for at least the time being to divide the family into four subfamilies and 
to discuss them separately. A few genera can be assigned only provisionally to 
the most likely subfamily since too little is known of their embryogeny. 

Cupressoideae 

The genera Cupressus, Chamaecyparis, Libocedrus, Biota and Thujopsis 
are definitely included in this group; Fokienia, Fiizroya, Pilgerodendron and 
Diselma may possibly also belong here, but very little is known of their life 
history. 

Fertilization:- The archegonia in all known instances are grouped together 
in a complex at the apex of the ovule, with their necks exposed at the base of a 
large common archegonial chamber. They may number from seven to twenty- 
two. Fertilization has been most closely followed out in Thujopsis dolabrata 
var. hondai, and in general is typical for the Coniferophyta. In Chamaecyparis 
pisifera the microgamete nucleus escapes from its cytoplasm when it moves to¬ 
ward the archegonial nucleus, but in T. dolabrata the microgamete nucleus re¬ 
mains surrounded by its cytoplasm which presently envelops the fusing nuclei. 
The contents of the microgametophyte are discharged into the archegonial 
cavity; it is rare for more than one microgamete to enter a given archegonium, 
although other nuclei may occasionally enter. The microgamete and arche¬ 
gonial nuclei come into contact in the upper part of the archegonium. The 
latter is approximately twice the bulk of the former. They then move toward 
the base of the archegonium and the first division occurs near the center or 
slightly below. Two separate sets of chromosomes are next resolved and the 
spindle is intranuclear but its orientation is variable (Fig. i8 A). 

Proembryo:- Two free nuclei result and move to the base of the arche¬ 
gonium while still surrounded by the cytoplasmic sheath derived from the 
microgamete cytoplasm. A second simultaneous free-nuclear division next 
occurs and the resultmg four nuclei are disposed in one of three different ways 
according to the dimensions of the archegonium: (7) in a single row parallel to 
the long axis of the archegonium, {2) in two tiers with three nuclei above and 
one below, or (j) in two tiers with two nuclei in each tier. The third mitosis 




Fig. 1 8 . — Thujopsis dolabrata. A. First division in proembryo with male and female 
chromosomes in separate groups. X630. B. Eight-nucleate proembryo after wall formation. 
X630. C. Early stage of cleavage polyembryony; two of the three embryos are depicted. 
X630. Chamaecyparis obtusa, D-J. Diagrams illustrating successive steps in the develop¬ 
ment of a single embryo S3^tem. J represents a single primary embryo of a slightly older stage 
than in I. Symbols: e, embryonal tubes forming secondary suspensor; ps, prosuspensor cells; 
St primary suspensors. (A-C redrawn from SuGiHAgA 1939; D~J redrawn from Buchholz 

1932). 
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is also simultaneous but the resulting nuclei become arranged in two tiers, with 
four, five or six nuclei in the upper tier. Wall formation occurs after this 
division; the cells of the upper tier always remain open above (Fig. i8B). In 
the following division the cells of the upper tier divide transversely to form a 
three-tiered proembryo. The upper cells, as before, remain open above. The 
uppermost tier later degenerates while the second tier becomes the prosuspensor 
and the lowest tier forms the embryo proper and the embryonal tubes (f^iG. 
i8D~F). 

In Fitzroya patagonica the proembryo is very variable in the arrangement 
of its cells and when fully developed is completely septate and fills the arche- 
gonium. Fitzroya is apparently in an intermediate position between the 
Cupressoideae and Callitrichoideae. 

EmbryoThe cells of the lowest tier of the proembryo usually divide once 
before the prosuspensor elongates, and each cell appears to possess the ca¬ 
pacity for developing into an embryo — that is, they are embryonic initials. 
However, only the initial at the apex of the group actually begins development 
and the others later become embryonal tubes. Nevertheless, two or more 
embryos may be formed at the tip of a prosuspensor. 

Some of the prosuspensor cells have been observed to become separated 
from the main portion of the embryo and lack embryonic initials. They form 
irregularly shaped embryos which appear to correspond with the rosette 
embryos characteristic of Pinus and related genera. Apparently these never 
attain maturity. 

In most of the genera, especially when there are a large number of arche- 
gonia each of which has been fertilized, it is difficult to trace out the relation¬ 
ship of embryonic initials, prosuspensors and suspensors; consequently, the 
development of the embryo complex may be delineated more satisfactorily 
by means of diagrams in which only a single embryo system is concerned. 
Fig. i8D~J shows such a series, based upon Chatnaecyparis ohtusa^ but with 
which the other genera are in substantial agreement. 

The elongating prosuspensor cells thrust the embryo deep into the game- 
tophytic tissues and at the same time the former are pushed back toward the 
apex of the former archegonium. The prosuspensor cells, it should be noted, 
have an origin different from that of the primary suspensor cells. Sometimes 
the prosuspensor cells may collapse or shrivel completely; again, they may 
enlarge and become multinucleate, or become filled with cellular tissue or cut 
off cells near the tip. Since the prosuspensors are derived from embryonic 
initials, they are actually potential embryos whose development was more or 
less suppressed. 

In Biota orientalis the activity of an apical cell in each embryo has been 
detected at an early stage; in Chatnaecyparis ohtusa one is still observable when 
the embryo has become massively multicellular. One has not definitely been 
found in the other genera. 

After the embryos of Biota orientalis have become multicellular some of 
them may become broken up into fragments. This results in an irregular 
secondary cleavage stage in the embryo. This cleavage occurs at the stage 
when embryonic selection has been interrupted, when the primary suspensors 
begin to collapse and before the secondary suspensors commence development. 
These embryonic masses do not immediately produce additional embryonal 
tubes to form suspensors but may later do so. 

The phenomenon of cleavage polyembryony is prevalent among the Cupres¬ 
soideae and can be detected at an early stage. Simple polyembryony has been 
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described for Thujopsis dolabrata. The mature embryo is dicotyledonous. 

Buchholz, J. T, 1932. The embryogeny of Chamaecyparis ohitisa. Amer. Jour. Bot. 19: 230- 
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Doak , C. C. 1937. Mon^hology of Cupressus arizanica: gametophytes and embryogeny. Bot. 
Gaz. 98: 808-815. 

Lawson, A. A. 1907. The gametophytes and embryo of the Cupressineae with special refer¬ 
ence to Libocedrus decurrens. Ann. Bot. 21: 281-301. 

SoGiHARA, Y. 1938. Fertilization and early embryogeny of Chamaecyparis pisifera S. et Z. 

Sci. Rep. Tokohu Imp. Univ., Ser. IV, Biol. 13: 9-14. 

SuGiUARA, Y. 1939. Embryological observations of Thujopsis dolabrata var. hondai Makino. 
Sci. Rep. Tokohu Imp. Univ., Ser. IV, Biol. 14: 291-303. 


Callitroideae 

The three genera, Actinostrohiis^ Calliiris and Widdringtonia^ exhibit a re¬ 
markable similarity in their early embryogeny, and differ from all other Coni- 
ferophyta in the complete absence of a prosuspensor. The embryogeny of 
Teiraclinis and Callitropsis has not yet been worked out with sufficient com¬ 
pleteness but these genera may provisionally be assigned to the Callitroideae, 

Fertilization:- In Actinostrobus the archegonia are lateral in groups of 
twenty-five to thirty; in Teiraclinis articulata they may be apical or both apical 
and lateral and number nine or ten to fifteen; in Widdringtonia the archegonia 
occur in lateral groups and may total around two hundred; in Calliiris ver¬ 
rucosa there is a single lateral group of from seventeen to twenty archegonia 
and in C, rhomboidea there are even more. In practically all recorded instances 
the microgametophytes traverse the nucellus laterally, in sharp contrast to all 
other conifers except Sequoia sempervirens. 

In general, two adjacent archegonia are fertilized from a given micro- 
gametophyte, one of the two microgametes going into each archegonium. 
However, cases are known where all the nuclei from one microgametophyte 
were discharged into a single archegonium. When there are numerous arche¬ 
gonia, not all are fertilized; the unfertilized archegonia quickly degenerate. 

In Actinostrobus pyramidalis and Calliiris verrucosa both the sperm and 
archegonial nuclei are of approximately equal size and similar structure. 
Those of A, pyramidalis and Calliiris rhomboidea are almost invariably sur¬ 
rounded by a starch sheath while in contact; the origin of the starch is obscure 
but it perhaps is derived from the microgametophyte. The spindle of the first 
division has been described as being entirely intranuclear, but the segregation 
of the chromosomes into two groups has not been observed. 

Proembryo:- After the first division in Actinostrobus pyramidalis one free 
daughter nucleus is located above the other in the longitudinal axis of the 
archegonium, no matter what the orientation of the latter (Fig. 19B). The 
basal nucleus next divides to form two daughter nuclei located one above the 
other, and is quickly followed in division by the upper nucleus which divides 
in the transverse plane (Fig. iqC-F). Four such embryonic units are formed 
from each fertilized archegonium; the remainder of the cells in the upper part 
of the proembryo degenerate and disappear. No region of the proembryo 
elongates as a whole. There is no definite orientation of the embryonic initials 
and they point in various directions. 

In Calliiris rhomboidea the first division of the zygote nucleus inferentiaUy 
results in two free nuclei; a second simultaneous division then follows and walls 
are formed to produce a four-celled proembryo. The disposition of the cells 
in such proembryos depends entirely on the orientation of the spindles at the 
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second division. The tyj)e most regularly formed consists of three tiers which 
are respectively i-, 2- and i-celled (Fig. 19J). Or there may be two juxtaposed 




Fig. 19. — Actinostrohm pyramidalis. A-I. Series of diagrammatic figures to show pro- 
embryo development, formation of embryonic initials and early elongation of suspensor cells. 
(Since the archegonia are lateral, the apex of the gametophyte is to the left.) A. Zygote. 
B. Two-nucleate proembryo. C, Three-nucleate proembryo. D. Four-nucleate proembryo. 
E. Origin of walls after four-nucleate stage. F. Wall formation complete. G. Six-celled pro- 
embryo. H. Embryonic initials delimited. I. Early elongation of suspensors. All X ca. 350. 
CaUUris rhombaidea, J. Four-celled proembryo. K. Four-celled proembryo, linear type. 
L. Symmetrical six-celled proembryo of which the upper two cells play no further role. M. 
Linear proembryonic group in three of which the embryo cells are cut off on the same side. 
N. T3^ical two-celled embryo. All X 375. (A-I redrawn from Saxton 1913; J-N redrawn 
from Looby and Doyle 1940). 

and two superposed cells; again, a linear proembryo may be produced (Fig. 
19K), Further divisions commonly occur in any two cells of the four-celled 
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proembryo, to create a six-celled stage (Fig. 19L). There is, however, no real 
regularity at this period of development. It is doubtful whether most of the 
irregularly constructed proembryos develop further. Rarely another division 
at the four-celled stage produces a seven-celled proembryo. 



Fig. 20. — AcHnostrobus acumincUus (A, B, D, F) and A, pyramiddis (C, E). A. Embiyo 
system with embryos at two-celled stage. B. Terminal embryos of a group. C. Early forma¬ 
tion of embryonal tubes. D. Later stage than the preceding. £. Embryonal system with 
primary and secondary suspensors. F. Fully developed secondary su^nsors. A-C X 25; 
D X 130; E, F X 30. {Redrawn from Baird I936-'37). 

Embiyo:- Each of the four larger cells in the final proembryonic stage of 
CdlUris rhoniboidea divide to form a small outer embxyonic cell and a larger 
inner cell which elongates to produce a suspensor (Fig. iqM). There is a com¬ 
plete absence of regularity in the direction of growth, llie upper sterile cells 
usually disintegrate rapidly. It appears to ^ an invariable rule that four 
embryos and suspensors are formed from a given proembryo. 
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In AcHnosirobus pyramidalis the embryo initials remain undivided for 
about two weeks. The first division is vertical (Fig. 20A) and is quickly fol¬ 
lowed by a second vertical division in each of the resulting cells but in a plane 
perpendicular to the first wall. There thus results a single tier of four cells at 
the tip of the suspensor (Fig. 20B). The next set of divisions are more or less 
horizontal (transverse), and the later ones quite irregular. A recognizable 
apical cell has never been detected. After a considerable number of cells have 
been produced the cells immediately adjacent to the suspensor elongate to form 
embryonal tubes (Fig. 20C, D). There is great variation in the number and 
size of these cells, the position of the walls and relative size of suspensor and 
embryos. Growth of the embryo, hitherto rather slow, becomes very rapid 
after initiation of the embryonal tubes and a massive multicellular structure is 
formed (Fig. 20E, F). The apex of the embryo becomes rounded and the 
cotyledons presently become recognizable as protuberances at the sides of the 
mass. The cotyledons usually number two, but three have been reported once 
in Actinostrobus and are apparently frequent in Widdringtonia, The stem apex 
is broad and conspicuous. 

Summarizing, the Callitroideae differ from all other Coniferophyta whose 
embryology has thus far been clearly elucidated in the complete absence of a 
prosuspensor and exhibit a remarkable similarity among themselves. The 
aflGinities of the Callitroideae are with the Cupressaceae (some Pitzroya-\]ke 
type) rather than with the Taxodiaceae. 

Baird, A. M. 1936-37. The suspensor and embryo of Actinostrobus, Jour. Roy. Soc. West 
Australia 23:89-95. 

Looby, W. J., and J. Doyle. 1940. New observations on the life-history of Callitris. Sci. 
Proc. Royal Dublin Soc. 22; 241-255. 

Moseley, M. F., Jr. 1943. Contributions to the life history, morphology and phylogeny of 
Widdringlonia cupressoidcs. Lloydia 6: ito-i^ 2 . 

Saxton, W. T. 1910. Contributions to the life-history of Widdringtonia cupressoidcs. Bot. 
Gaz. 50; 31-48. 

Saxton, W. T. 1910. Contributions to the life-history of Callitris. Ann, Bot. 24: 557-569. 
Saxton, W. T. 1913. Contributions to the life-history of Actinostrobus pyramidalis. Ann. 
Bot. 27: 321-345. 

Saxton, W. T., 1934. Notes on conifers. IX. The ovule and embryogeny of Widdringtonia, 
Ann. Bot. 48:429-431. 


Thujoideae 

Apparently only the genus Thuja^ whose various species and varieties seem 
to be alike embryologically, belongs in this subfamily. Thuja is distinguished 
from the other Cupressaceae in that only one of all the embryo initials pro¬ 
liferates rapidly to produce an embryo. (The genus Biota, merged by some tax¬ 
onomists with Thuja, differs sharply in its embryogeny and should be kept 
separate.) 

Fertilization:- There are usually six archegonia, arranged in an apical 
group. All that has been recorded of the fertilization process is the contact 
of the respective nuclei in Thuja occidentalism The microgamete nucleus es¬ 
capes from its sheath in the upper part of the archegonium and comes into con¬ 
tact with the archegonial nudeus laterally. 

Pro6mbr3ro:- The first division, which appears to be intranuclear as in other 
Coniferophyta, takes place a little below the center of the archegonium. The 
two free nudei then move to the base of the archegonium and there divide 
simultaneously (Fig. aiA, B). The third division is also simultaneous and is 
followed by the formation of cdl walls (Fig. 21C). The wall first laid down is 
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transverse and separates the eight nuclei into two groups of four nuclei each. 
Longitudinal walls are quickly formed in the lower tier; the cells in this tier 
are completely walled in. Similar walls are erected at the same time in the 
upper tier, but the cells here remain open toward the upper end of the arche- 
gonium (Fig. 21D). h>ents in the Thujoideae thus far closely resemble the 
corresponding stages in the Cupressoideae. The four nuclei in the upper tier 
next divide simultaneously and walls transverse to the long axis of the pro¬ 
embryo are formed. The proembryo thus consists of twelve cells arranged in 
three tiers of four cells each. The upper tier of four cells soon disintegrates; the 
second tier rapidly elongates to form the four suspensor cells; and the lower 
tier develops a single embryo. 




Fig. 21. — Thuja occidentalis, A. Two-nucleate proembryo (ventral nucleus remains in 
upper portion). B. Four-celled proembryo. C. Upper tier of nuclei dividing to form sus- 
pensors. D. Second tier elongating into suspensors. £. Suspensors and young embryo. 
(Redrawn from Land 1902). 

EmbxyoThe embryo of Thuja is characterized by the activity of a promi¬ 
nent apical cell, which can be found even in well developed multicellular em¬ 
bryos. As in PinuSf the apical cell disappears before the tissue regions of the 
embryo are organized. 

In the earlier stages of embryo development a tendency to form two groups 
of cells is apparent, especially in transverse sections of the embryo, but the line 
of division disappears as the embryo becomes older. There is no evidence that 
rosette cells occur in Thuja, Cleavage polyembryony may possibly occur oc¬ 
casionally, but this is predicated upon inference rather than on actual ob¬ 
servation. 

Land, W. J. G. 1903. A morphological study of Thuja, Bot Gaz. 36; 349-359* 
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J u XX i p e r o i d e a e 

The subfamily comprises the genera Juniperus, Sabina and Arceuthos. The 
last two have not been investigated. 

Fertilization:- The two microgametes in Juniperus are equal in size and 
each apparently may enter a different archegonium. No other nuclei from a 
microgametophyte pass into an archegonium, nor is starch present. From one 
to occasionally more than three archegonia in each complex may be fertilized. 
The microgamete nucleus is either the same size or slightly smaller than that 
of the archegonium. The cytological aspects of fertilization have not been 
described. 



Fig. 22 . — Juniperus communis. Diagrammatic representation of the embryo- 
geny of the product of one fertilized archegonium. A. Proembryo of three tiers. 

B. Prosuspensor and terminal cells elongating. C. Terminal cells elongating, lob- 
ing and intertwisting; two tubes being left behind. D. Prosuspensor tier and three 
tiers of elongated tubes, competition reduced in last tier, terminal cells cut off and 
about to produce multicellular embryo. E. Most advanced cell of preceding be¬ 
coming multicellular; apical cell prominent. F. Further development of preceding, 
suspcnsor tubes swollen and embryonal tubes forming secondary suspensor. G. 

Still further development, embryo becoming massive. Symbols: e, embryo; ei, em¬ 
bryo initial; ac, apical cell; seiy suspensor-embryo initial; pSy prosuspensor; st^y *, 
suspensor tubes. {Redrawn from Cook 1939). 

Proembryo:- The first division occurs in the middle of the lower half of the 
archegonium and two free nuclei are produced. Two more successive free- 
nuclear mitoses now occur. Cell walls are erected after the subsequent division, 
but not all nuclei divide so that the complete proembryo consists of about 
twelve cells arranged in three more or less definite tiers. The upper tier of cells 
remains open toward the apex of the archegonium and this tier does not partici¬ 
pate in the further development of the proembryo. The cells of the middle tier 
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elongate to produce the prosuspensors, and those of the lowest tier eventually 
give rise to embryos (Fig. 22A). 

Embxyo:- In Juniperus communis the two lower tiers of proembryonic 
cells now commence a developmental process whkh is unique among the 
Coniferophyta and approximated elsewhere only among the Ephedrophyta. 
Both tiers elongate similarly, thus indicating that each cell in each tier is a 
potential embryo initial (Fig 22B-D). The rate of elongation, however, may 
vary, so that the cells of the middle tier may sometimes push aside those of the 
lower tier. Nevertheless, the cells of the lowest tier, because of their more 
favorable position, reach more deeply into the nutritive tissue of the gameto- 
phyte. Those cells furthest advanced may immediately give rise to multicel¬ 
lular embryos (Fig 22D). Ordinarily the lowest cells elongate and become 
lobed; two and even three lobes are frequent, each projecting in a different 
direction. The single large nucleus of a tube may migrate into one of the lobes, 
or it may undergo mitosis to provide two or more lobes each with its own 
nucleus. The lobed and unlobed ends of the elongating tubes then intertwine 
to form a compact knot. Each knot of tubes next forces its way into the 
gametophytic tissues by means of both chemical digestion and mechanical 
elongation. Occasionally nucleated tubes may become segmented from the 
rest of the tube but they usually remain open. After a tube has developed to 
a certain length, the nucleus divides and a wall between the daughter nuclei 
produces a rounded cell at the end of the tube, which can now probably be 
designated as a suspensor. Provided the competition is not too keen at this 
time, the rounded cells may develop into multicellular embryos, but they in 
turn more frequently elongate into a second set of suspensor-like tubes lacking 
end cells. If the rate of elongation is unequal, they cut off cells at their tips, 
the farthest advanced dividing once and forming a mass of cells; but, cus¬ 
tomarily, if there is still competition among a number of tubes they again lobe 
and intertwine before cutting off new cells. The more slowly growing tubes are 
left behind during each of these advances, but inasmuch as the successfully 
competitive tubes are likely to lobe during the earlier laps of the race, the 
number of competitive tubes may not be appreciably diminished for some time. 
The lobing process appears to be more or less confined to the earlier sets of 
tubes, but the elongating-intertwining process may be repeated for an in¬ 
definite number of times, forming a fairly recognizable tier of tubes for each 
such occurrence. 

After each set of new suspensor-tubes has developed, those preceding that 
set begin to collapse. The elongated cells that originally constituted the middle 
tier in the proembro and the next to the last formed tier of tubes remain fairly 
turgid, while the tubes last formed are extremely rounded and plump. 

Eventually the keenness of competition becomes lessened and the tubes 
that have penetrated the farthest cut off terminal cells that grow into multi¬ 
cellular embryos. An apical cell soon becomes established, and the single 
suspensor-tubes become enormously swollen (Fig. 22F). When the embryo 
consists of about twelve cells, those cells on the outside and farthest from the 
apex elongate backward to form a massive secondary suspensor which puAes 
back any competitive embryos which may be behind it (Fig. 22G). Since 
the number of tiers of suspensor-tubes is indefinite, the time of formation of 
the multicellular embryo also varies; in a series of ovules collected from the 
same plant six months after fertilization it is therefore possible to find embryo 
complexes with embryos in all save the final stages of differentiation. There is 
thus no definite overwintering condition, although the embryo requires two 
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growing seasons for attainment of maturity. The mature embryo normally 
has two cotyledons. 

Cook, P. 1939. A new type of embiyogeny in the conifers. Amer. Jour. Hot. 26: 138-143. 
Nichols, G. E, 1901. A morphological study of Juniperus communis var. dcpressa. Beih. 
Bot. Centralbl. 25: 201-241. 

Ottij:y, a. M. 1909. The development of the gametophytes and fertilization in Juniperus 
communis and Juniperus virginiana. Bot. Gaz. 48: 31-46. 




Chapter VIII 

SAXEGOTHAEACEAE 

Both genera included in the family, Saxegothaea and MicrocachrySy have 
been investigated. 

Fertilizaticn:- The archegonia of Saxegothaea conspicua are uncommonly 
long and narrow; they are broadest at the apex and become attenuated toward 
the base. Those of Microcachrys ietragona are short and not attenuated. In 
the latter species the body cell does not divide until just before fertilization; 
since the archegonia are grouped together within a common jacket, male 
gametes from the same microgametophyte may each enter a different arche- 
gonium. In Saxegothaea conspicua the archegonia are surrounded by individual 
jackets; one or both microgametes may enter an archegonium. 

The actual fusion has not been observed in Microcachrys tetragona; in 
Saxegothaea conspicua the microgamete and the archegonia) nucleus fuse com¬ 
pletely. It is stated for the latter species that separate spindles could not be 
observed during the first mitosis. 

Proembryo:- In Saxegothaea conspicua fertilization occurs near the upper 
and wider end of the archegonium and the two successive mitoses give rise to 
four free nuclei (Fig. 23A). These free nuclei move gradually to the base of 
the archegonium and there undergo a third free-nuclear division (Fig. 23B). 
The eight free nuclei are not arranged in definite positions, although one is 
located near the very base of the pointed archegonium. Kach nucleus divides 
again, though it is not known whether the divisions are simultaneous, and walls 
are then formed. A certain degree of tier formation occurs, resulting in {a) an 
open tier of nuclei, numbering from three to five, {h) a tier of three to five cells 
which will presently form the prosuspensors, and {c) a conical group of em¬ 
bryonic cells numbering from six to ten (Fig. 23C). There is a single apical 
cell at the apex of the cone. The celled portion occupies but a very small part 
of the basal end of the archegonium. Some of the cells may later become 
binucleate (Fig. 23C, D). 

For Microcachrys tetragona all that is known concerning the proembryo is 
that there are two tiers of cells and one tier with the upper ends open. The 
lowest tier consists of embryonal initials and the middle tier forms the pro- 
suspensor. 

Embryo:- Either normal embryogeny or various types of lobed embryos, 
embryonic buds and even occasionally double embryos may occur in Saxe¬ 
gothaea conspicua. 

Normal embryogeny will be described first. When this occurs, cleavage is 
absent but simple polyembryony is fairly common. Not more than one of the 
embryos attains maturity. 

At an early stage all the nuclei in the embryonic group, but not those in the 
prosuspensor tier, divide more or less simultaneously and as no walls are de¬ 
veloped the cells become binucleate as in species of Podocarpus (Fig. 23D). 
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The prosuspensor cells at this time elongate rapidly; the cells commonly num¬ 
ber four, but three and five have been observed. One or even two of the cells 
appear to be unable to keep pace with the others, then they cease to elongate 



Fig. 23. — Saxegothaea conspicua. A. Four free nuclei moving to base of archegonium. 
X90. B. Eight free nuclei in proembryo, X320. C. Walled proembiyo with open tier at 
top. X320. D. Typical young proembryo. X135. E. Typical older stage. X55. F. Em¬ 
bryo cells and embryonal tubes. X135. Symbols: a, apical cell; e, embryonic cells; open 
tier; ps, prosuspensor. (Redraum from Looby and Doyle 1939, and Doyle and Looby 1939). 


and tend to collapse. The nuclei of the open tier of cells degenerate early. 

After the prosuspensor cells have become so long that they have begun to 
bend, a membrane makes its appearance between each of the pairs of nuclei 
in the binucleate embryonic cells and then further divisions are initiated 
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(Fig. 25F). At this stage an apical cell is generally recognizable. Embryonal 
tube formation commences at a comparatively early stage: a single belt of 
elongated tubular cells is formed, and to this are added other cells which 
grow between those already elongated (Fig. 25F). 

The seeds are shed from the strobilus, at least in cultivated plants, before 
the embryo has attained maturity. 

Variations from the normal embryogeny assume various manifestations, 
that of lobing of the embryonic body apparently being the commonest form. 
Such young embryos generally share a common primary suspensor and em¬ 
bryonal tube system. It would appear that each of the embryonal cells is a 
potential embryo initial and one or more may start growth independently of 
the others. Binucleate embryonic cells have been observed to increase in 
volume shortly before these cells are transformed into the uninucleate stage, 
and may become rounded off, partially separated, and subsequently develop 
into one or two additional embryos. It is not easy to correlate this indefinite 
lobing of the embryonal cells in Saxegothaea with any of the other recognized 
types of polyembryony, but it is apparent that this peculiar lobing can lead 
directly to the type of determinate cleavage found in Dacrydium cupressinum^ 
In Microcachrys Utragona the primary suspensor cells number three to four 
to each embryo; these cells elongate and become somewhat twisted. Embryonal 
tubes are not formed, nor is there any evidence of the formation of more than 
one embryo from a single archegonium, although more than one archegonium 
may develop an embryo. The oldest stage observed had only a few cells in the 
embryonal group; these cells appear to be uninucleate at all stages of develop¬ 
ment. 

Doyle, J., and W. J. Looby. 1939. Embryogeny in Saxegothaea and its relation to other podo- 
carps. Sci. Proc. Royal Dublin Soc. 22:127-147. 

Lawson, A, A. 1923. The life-history of Microcochrys tetragona (Hook.). Proc. Linn. Soc. 
New South Wales 48: 177-193. 

Looby, W. J., and J. Doyle. 1939. The ovule, gametophytes and proembryo in Saxegothaea, 
Sci. Proc. Royal Dublin Soc. 22: 95-117. 




Chapter IX 

PODOCARPACEAE 

Podocarpus^ Dacrydium, Acmopyle and Phyllocladus make up the family 
Podocarpaceae, All genera have been investigated, Acmopyle the least satis¬ 
factorily. Podocarpus is a rather large genus which exhibits remarkably di¬ 
verse types of embryogeny. 

Fertilizatioii:- In Phyllocladus there are normally two archegonia, oc¬ 
casionally three or four; the number averages from three to five in some species 
of Podocarpus^ but becomes as many as twenty in other species (e.g., P. nagei). 
The peculiarity about fertilization in many species, notably Podocarpus lotarri, 
is that it occurs after the seeds are shed from the plants. In most species it 
appears that only one of the two microgametes is functional; the other and 
smaller one soon degenerates. The microgametophyte also contains a variable 
number of prothallial and vegetative cells — usually six to eight in Podocarpus 
and from four to six in Dacrydium — as well as the tube and stalk nuclei. 

In Phyllocladus the microgametophyte does not demolish the neck cells of 
the archegonium when its contents are discharged into the latter. The arche- 
gonial nucleus is surrounded by a dense mass of cytoplasm and more is contrib¬ 
uted from the microgamete. The functional microgamete nucleus is about one- 
third the bulk of that of the archegonium and becomes appressed laterally. 
Fusion occurs either in the upper part of the archegonium or near the basal 
end. In most species of Podocarpus the functional microgamete, surrounded 
by a dense layer of cytoplasm, is about half the size of the archegonial nucleus; 
it becomes very much elongated as it flattens laterally against the latter. 

Some details of the first mitosis are available for Podocarpus andinus. It 
is intranuclear, but the chromosomes and spindles are so extremely minute that 
it apparently could not be ascertained whether the spindles are separate. The 
two nuclei which result slip out from the remains of the fusion nucleus and 
move some distance toward the center of the archegonium. 

Proembryo:- Eight free nuclei are formed in all species that have been 
investigated and walls are erected following the succeeding division. The first 
four nuclei are more or less linearly arranged in the lower half of the arche¬ 
gonium (Fig. 24A); they then move further toward the base and the eight 
nuclei next formed are irregularly disposed in the basal region of the arche¬ 
gonium (Fig. 24B). The organization of the proembryo after the appearance 
of walls is extremely variable and in Podocarpus each type is characteristic of a 
species or a group of a few species rather than of the genus as a whole. Separate 
discussions of the genera and of the species of Podocarpus are therefore neces¬ 
sitated. 

In Phyllocladus alpinus the sixteen free nuclei may be arranged more or 
less in tiers of 5, 4, 3, 3, i or 6, 4, 3, 2, i cells, with the upper five- or six-celled 
tier remaining unwalled above. A nuclear division follows in each cell, the 
upper tier producing five or six prosuspensor cells and an equal number of relict 
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nuclei (which soon become disorganized) in an unwalled tier. The nine to 
eleven walled cells below the prosuspensor tier each become binucleate and 
develop into an embr3^o after the prosuspensor elongates. 

Podocarpus, sect. Dacrycarpus: Details of proembryo formation have not 
been worked out. 

PodocarpuSy sect. pMpodocarpus: (The species which Coker investigated 
is probably P, macrophyllus ssp. maki rather than the true P, coriaceus^ a 
synonym under P. urbanii.) In P. macrophyllus ssp. maki the six teen-nucleate 
proembrj^o is arranged in three tiers after wall formation is completed. The 
upper tier is not a definite rosette tier, although it has been designated as one: 
the cells are usually open above, more or less isolated, but an occasional cell 
may be completely but irregularly walled. There are about fourteen nuclei or 
cells in this tier. The next tier is that of the prosuspensor and usually consists 
of fourteen cells. The last tier ordinarily has only one binucleate cell but may 
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Fig. 24. — PhyUocladus alpinus, A. Four-nucleate 
procmbryo. X1850. B. Eight-nucleate proembiyo. 
X1850. {Redraum from Kildahl 1908). 


occasionally have two binucleated cells. A thick callose plug is presently formed 
between the prosuspensor and the upper tier. 

In P. totarra and P. nivalis the proembryo has sixteen nuclei which become 
arranged in three tiers with walls developed before another division occurs. 
The terminal embryonic unit is also usually a single binucleate cell; there arc 
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from seven to nine prosuspensor cells in the next tier; and the remaining nuclei, 
numbering less than those forming the prosuspensor, constitute a relict tier 
above the prosuspensor and soon disintegrate. There is no walled tier of rosette 
cells and no isolated nuclei become completely walled. 

South American {P, glomeraHis, P, coriacetiSy P. purdeanus) and Mexican 
(P. matudai) species usually have twelve cells in their prosuspensors. 

PodocarpuSf sect. Stachycarpus. Species placed in this section (P. gracilior, 
P, amarus) have about twenty cells in their prosuspensors. 

In P. andinus the four free nuclei migrate to the base of the archegonium 
where successive simultaneous divisions produce thirty-two free nuclei. Of 
these, as many as ten are not included in the subsequent cleavage formation of 
the embryo; they are designated as relict nuclei. 

Podocarpus^ sect. Nageia. In P. nagei the })roembryo contains thirty-two 
nuclei before walls are formed. From seven to nine of the nuclei form a com¬ 
pletely walled tier in the lower end of the archegonium; the rest of the nuclei 
become organized into another tier above the first tier, with the upper ends of 
the cells remaining open above. The next mitosis results in a tier of 23-^25 
prosusp>ensor cells, with an open tier of relict nuclei above. A rosette tier is not 
formed, nor are isolated rosette cells found. In the uninucleate cells of the 
lower tier, each nucleus divides into two free nuclei. This process has been 
followed out cytologically: the two nuclei in a binucleate cell are not derived 
from two of the thirty-two nuclei of the free-nucleate proembryo but originate 
from the single nucleus in an uninucleate cell. 

A series of diagrams (Fig, 25) of the various species of Podocarpus and of 
Dacrydium and Phyllocladus will serve better to illustrate the comparative 
arrangements of the component cells of the proembryo. A diagram of the 
proembryo of the related Saxegothaea conspicua {Saxegothaeaceae) is also in¬ 
cluded. 

Embryo:- Descriptions of the late proembryo and early embryo of PhyU 
locladus are somewhat unsatisfactory. The number of binucleate embryonic 
cells appears to vary from nine to twelve. The pair of nuclei in each cell divide 
nearly simultaneously and walls appear after the telophase stage. The binu¬ 
cleate stage thus passes directly into a four-celled condition, to produce a total 
of from forty to forty-four cells in the embryonic mass. It is extremely doubt¬ 
ful, despite apparent appearances to the contrary, whether an apical cell is 
present in Phyllocladus, The prosuspensor is comparatively short. Later 
embryonal tubes form a secondary suspensor. The mature embryo is dicoty¬ 
ledonous. 

In Dacrydium cupressinufn the prosuspensor of the young embryo is com¬ 
posed of seven to nine cells, and the embryonic initials at the tip number five 
to nine binucleated cells (Fig. 26A). Their arrangement varies somewhat. 
No rosette tier or cells are formed. The prosuspensor presently becomes greatly 
elongated, coiled and interwoven. A large deposit, described as a callose plug, 
is usually found immediately above the prosuspensor cells. At first the em¬ 
bryonic units do not increase in number. The transition from the binucleate 
to the uninucleate condition has not been described in detail, but presumably 
occurs by quadripartitioning after each nucleus in a given cell divides simul¬ 
taneously. Quadripartitioning is plainly not simultaneous in all cells of an 
embryo since lobes with uninucleate cells are found in some regions of an 
embryo while other regions remain binucleate (Fig. 26C). The evidence as 
to the activity of an apical cell is somewhat inconclusive, but one may be 
present for a brief period. The largest terminal embryo presently develops a 
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secondary suspensor by the elongation of embryonal tubes. These tubes are 
apparently formed in only a few layers (seemingly not more than two) and are 
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Fig. 25. — Diagrammatic comparison of the Fodocarpaceae, and of Saxegothaea, Phyllo- 
cladus and Dacrydium, to show, by numerals placed above each figure, variations in the number 
of prosuspensor ceils and, by numbers below each figure, variations in the number of binucle- 
ate cells. All diagrams arc on approximately the same scale. Further description in text. 
(Redrawn from Buchholz i^l). 


not as numerous as in many other Coniferales (Fig. 26D, E). Determinate 
cleavage polyembryony is the general rule in Dacrydium. 

PodocarptiSf sect. Dacrycarpus: P. dacrydioides and P. mbricaius are es- 
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sentially similar in their embryogeny. The early embryo shows the seven or 
more prosuspensor cells well elongated, with a tier of relict nuclei above, and 
with usually four binucleate terminal cells which are considered to be actual 
or potential embryo initials. Rosette cells have been observed only rarely. The 
binucleate condition of the terminal cells, as indicated by the persistent spindle 
fibers commonly observed, is a long-delayed telophase. The prosuspensors 
elongate greatly, become much twisted, and bury the tips deeply in the game- 
tophyte. Not all prosuspensor cells elongate equally and some may even cease 
development. After prosuspensor growth is nearly completed, walls are erected 



Fig. 26. — Dacrydium cupressinum, A. Young embryo system. X75. B. Two adjacent 
embryo systems, with binudeate embryo initials. X150. C. Two embryo systems showing 
characteristic convolution of prosuspensor. Some embryo initials are binudeate, others uni¬ 
nucleate. X75. D. Early stage in formation of embryonal tubes. Embryo cells are all uni¬ 
nucleate. X75. E. Later embiyo with well develop^ embryonal tubes. X75. Symbols: 
pSf prosuspensor; embryonal tubes. {From Buchholz 1933). 

in the binucleate cells. Some of the embryonic units may become aborted, 
leaving five or less units to enter into proliferation of the individual embryos. 
They do not develop at the same rate. The later embryology has not been 
followed out, but the general situation resembles that in Dacrydium and 
cleavage polyembryony occurs. 

PodocarpuSf sect. Eupodocarpus: In P. urbanii the young embryo has a 
prosuspensor of twelve to fourteen cells, a terminal group of two or three bi- 
nucleated cells, and rosette cells at the upper end which may develop into small 
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embryos. Although a true primary suspensor is not formed in this species, 
many of the prosuspensor cells do not elongate fully and they may emerge from 
the tangle of elongated cells and later cut off at their tips one or more cells 
which develop into small secondary embryos. The main group of prosuspensor 
cells become greatly elongated, much convoluted and intertwisted and irregu¬ 
larly swollen. » The embryonic initials remain^ in the quiescent binucleate 
condition during the period of prosuspensor elongation. On each embryo 
system derived from a single fertiliz/Cd archegonium an average of fifteen em¬ 
bryos are to be found; z.e., about one for each prosusi:)ensor cell plus two or 
three derived from terminal binucleate embryonic cells. The embryonic in¬ 
itials early pass from the binucleate to the uninucleate condition by quadri- 
partitioning after each nucleus has divided into two daughter nuclei. The 
embryos become massive and lobed. Cleavage polyembryony is clearly preva¬ 
lent in this species. 

The young embryo of P. macrophyllus ssp. ntaki usually has only a single 
binucleate embryonic cell, although two are occasionally encountered. This 
cell passes directly into the four-celled stage, each daughter cell being uninu¬ 
cleate. - No cases, however, have been observed where the cells of the two- 
celled condition passed into an eight-celled stage. The prosuspensor of the 
young embryo ordinarily consists of about fourteen cells, but as many as eight 
ma}' become separated from the binucleate cell during the earlier stages of 
elongation. These detached prosuspensor cells may form uninucleate ab¬ 
normal embryos at their tips. In this species, in contrast to the preceding one, 
each embryo does not split into several smaller units. So far as the terminal 
embryo is concerned, simple polyembryony would seem to be the rule, but be¬ 
cause of the occurrence of secondary embryos, determinate cleavage poly¬ 
embryony is characteristic of P, macrophyllus ssp. maku 

The early embryo of P. totarra differs from that of the preceding species in 
that there are fewer cells; the prosuspensor consists of seven to nine cells and 
there is a tier of relict nuclei above which soon disappear, but there is also a 
single binucleate embryonic cell, Prosuspensor cells likewise break away from 
the main group during elongation but here they apparently do not form embryos 
at their termini. Again, the formation of four cells by quadripartitioning of 
the single binucleated embryonic cell has been observed in P, totarra, with the 
sub.sequent division into eight, then into sixteen, cells. The total size of the 
embryo does not increase greatly until many cells have been produced. The 
prosu.spensor becomes extremely coiled and twisted. Later embryonal tubes 
arise and presently constitute a secondary suspensor. Cleavage polyembryony 
has become more or less suppressed in P. totarra so that simple polyembryony 
prevails. 

The embryogeny of P. glomeratus is very similar to that of P. urbanii. 

Podocarpus, sect. Stachycarpus: In P. gracilior and P. amarus the young 
embryo has about twenty cells in the prosuspensor and about ten binucleated 
cells at the tip. Each of the binucleate cells in species belonging to this section 
gives rise to a separate embryo provided it has not earlier aborted. This there¬ 
fore indicates that cleavage polyembryony is strongly prevalent. 

After cleavage in P. andinus there is an upper tier of from nine to fourteen 
cells open above to the archegonium and an irr^larly tiered group of from 
eleven to fifteen cells with a large terminal cell. The upper tier segments to 
produce a prosuspensor tier and an impermanent open-cell tier. The single 
nuclei of the other cells each divide to present the typical binucleate stage 
which then enters into a peculiar resting stage during prosuspensor elongation. 
At a later stage double divisions in each cell followed by wall formation give 
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rise to groups of four cells throughout the embryo. This is designated as the 
‘‘tetrad stage.*' Subsequently, the embryo becomes homogeneous and devel¬ 
ops further Without cleavage polyembryony. 

Fodocarpus, sect. Nagei: Embryogeny in this section is similar to that in 
sect. Stachycarpus, The prosuspensor of the young embryo possesses from 
nineteen to twenty-five cells and the embryonic group has ten or eleven bi- 
nucleated cells. Generally several rosette cells are present. One of the largest 
cells in the embryo, centrally located, becomes aborted; there are two very 
small cells in the interior, surrounded by prosuspensor cells above and by 
neighboring binucleate cells below. 
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Chapter X 

PHEROSPHAERACEAE 

The one genus, Pherosphaera^ has often been placed under the Podocar- 
paceae^ but it shows no close relationship to any species in that family and is 
best included in a family by itself. 

Two species are known; P. fitzgeraldi and P. hookeriana. Both have been 
investigated more or less and are similar embryologically. 

ProembryoOf the three or four archegonia, two or three may be fertilized 
and each produces an embryo. The preliminary stages in proembryo formation 
were not found. The earliest described stage is that of two embryos, apparently 
from separate archegonia, of about three cells each at the ends of long, twisted 
suspensors. A later stage reveals considerable growth in one of two embryos, 
with the other only slightly developed and apparently in process of de¬ 
generation. 

Lawson, A. A. 1923. The life-history of Pherospkaera, Proc. Linn. Soc. New South Wales 

48: 499-516. 



Chapter XI 

CEPHALOTAXACEAE 

Of the two genera which comprise the CephalotaxaceaCf Cephalotaxus has 
been well studied, but Amentotaxus remains uninvestigated. 

Fertilization:- The archegonia of Cephalotaxus^ which usually number four, 
are narrow, attenuated and sharply pointed at the lower end. Accounts differ 
as to the structure of the microgametes: those of C.fortunei have been described 
as uninucleate cells, while those of C. drupacea are naked nuclei which are dis¬ 
charged into an archegonium while still remaining within the original mem¬ 
brane of the body cell. These nuclei are presently released; one is larger than 
the other but about a third the bulk of the archegonial nucleus. The celled 
microgametes are also very unequal in size and only the larger one is functional. 
How the nucleus is released has not been described, but the cytoplasm of the 
microgamete envelops the fusing nuclei. In the case of the naked microgametes, 
nothing else is carried into the archegonial cytoplasm. In both species fusion 
occurs in the center of the archegonium. The first division has not been ac¬ 
curately described. 

Proembryo:- Two free nuclei are produced as a result of the first mitosis 
(Fig. 27A); they travel a short distance toward the base of the archegonium 
and there divide into four free nuclei which thereupon move the remainder of 
the way to the base. A third mitosis next ensues (Fig. 27B), followed by a 
fourth after which cell walls are erected. The cells are not arranged in clearly 
defined tiers (Fig. 27C); the irregularity of disposition is most prqnounced in 
the central regions. Sometimes there may be three indefinite tiers, sometimes 
four. The proembryo of Cephalotaxus differs from those of related Conifero- 
phyta in that there are no free nuclei above nor cells with open upper ends, and 
further in that there is usually a single large terminal or tip cell (Fig. 27C“'E). 
There are several cells above this terminal cell, which may have been produced 
by the latter, that remain large and mitotically inactive. 

The cap, slightly reminiscent of that in the Araucariaceae^ but scarcely as 
clearly organized, is probably in the nature of a secreting organ and becomes 
deciduous soon after the prosuspensor is developed. The nuclei are compara¬ 
tively large. The terminal cell of the cap occupies the position of the apical 
cell in other genera: the embryo proper has no sharply defined apical cell, 
although one is depicted in several of Strasburger's figures. The upper tier 
of the cap consists of five or six cells not much larger than the cells of the em¬ 
bryo proper. Since cleavage polyembryony has been almost entirely suppressed 
in Cephalotaxus^ it has been conjectured that “ the organization of this cap was 
partially, if not largely, instrumental in the elimination of cleavage polyem¬ 
bryony during the early stages.” The cap was probably not present in an¬ 
cestral forms; hence its appearance may be associated with the suppression of 
both the apical cell and cleavage polyembryony. 

The cells of the embryonic region, each of which is doubtless a potential 
embryo initial, multiply rapidly and as many as sixteen or thirty-two cells may 
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Fig. 27. — Cephalotaxus drupacea. A. Two-nucleate proembryo. B. Eight-nucleate pro¬ 
embryo. Cephalotaxus JortuneL C. Thirty-two-celled proembryo just before elongation of 
suspensor cells. X185. D. Slightly older proembryo; suspensor beginning to elongate. 
X150. E. Early embryo before formation of embryonal tubes. X»30. F. Young embryo 
with embryonal tubes. X230. Symbols: f, embryo; r, rosette tier; ps^ prosuspcnsor; r, sterile 
cells. (A, B redrawn from Lawson 1907; C, D redrawn from Cokek 1907; E, F redrawn from 
Strasburger 1879). 
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be formed before the cells of the prosuspensor region commence elongation. 

The prosuspensor cells then enter into a period of rapid elongation. At first 
they elongate in a straight line but become gradually more and more curved 
or convoluted as growth proceeds. 

Embryo:- The embryo soon becomes multicellular and presently embryonal 
tubes are developed (Fid. 27E, F). The layer of embryo cells immediately ad- 
jacent to the prosuspensor first elongate backwards, followed by tubes produced 
by the second layer of embryo cells, then by the third layer and so on in a 
regular series. Several of the early layers of embryonal tubes become very 
much elongated, but later series of tubes become progressively shorter. The 
tubes together constitute a massive secondary suspensor. This secondary 
suspensor is the means whereby one embryo gains the ascendancy over those 
from other archegonia and is the one to attain maturity. 

Another feature distinguishing the embryo of Cephalotaxus is that the stem 
tip is the last embryonal region to be differentiated. The mature embryo 
fassesses two cotyledons. 

Rosette Embryos:- There is a meristematic rosette tier which is quite active, 
giving rise to a number of embryos. These embryos lack the terminal cap 
characteristic of the primar} embryo and have no suspensor cells. After they 
have become multicellular embryonal tubes arc developed, thus demonstrating 
that they are true embryos. It therefore appears that the embryo of Cephalo¬ 
taxus is a compound structure. 

Buchholz, J. T. 1925. The embryogeny of Cephalotaxus forlunei. Bull. Torrey Bot. Club 
52* 311-423. 

Coker, W. C. 1907. Fertilization and embryogeny of Cephalotaxus fortunei. Bot. Gaz. 
43 - 

Lawson, A. A. 1907. The gametophytes, fertilization and embryo of Cephalotaxus drupacea. 
Ann. Bot. 21:1-23. 

Strasburger, E. 1897. Die Angiospermen und die Gymnospermen. Jena, Fischer. 




Chapter XII 

TAXACEAE 

Three genera are included in the Taxaceae: Taxus, Axisirotaxus and Torreya 
{Tumion); all have been investigated but none too thoroughly. 

Fertilization:- Accounts are not very satisfactory from the cytological 
standpoint and some of the older investigations require confirmation in details. 

The microgametophytes of the several species differ considerably in their 
relative stages of development at the time they have reached the archegonia. 
This is most marked in Torreya: in T. taxijolia the microgametophyte is fully 
developed when it reaches the megagametophyte while the latter is still at the 
free-nuclear stage of growth, whereas in T, californica the microgametophyte has 
grown only about halfway through the nucellus at the time the archegonia are 
mature. The number of archegonia is small in all genera (usually three in 
T, californica, solitary in T. taxijolia^ three in 1 \ micifera, about eight in Taxus 
canadensisy ordinarily four in Austrotaxus spicata) and they are always sei)arate 
and not localized in complexes. The mature archegonia in Torreya are extraor¬ 
dinarily small, those of Taxus a trifle larger; but the archegonia of Austro¬ 
taxus are twice as large and comparable in size with those of Cephalotaxus and 
related genera. Many ovules in at least two species, however, are sterile; in 
Torreya nucifera, for instance, ten out of fifty ovules completely lacked mega- 
gametophytes. In certain species, again, more than one megagametophyte 
may be present; this means that more than one of the several megasporocytes 
may have become functional. In Taxus canadensis as many as five megagame- 
tophytes have been observed, but not all supernumerary megagametophytes 
contain archegonia. Fertilization is not restricted to the archegonia in the 
upper megagametophytes; they may be by-passed by the microgametophytes 
and archegonia lower down are fertilized. 

The time of fertilization is apparently inconstant and covers a considerable 
range of time. Generally a given archegonium is fertilized by a single micro¬ 
gametophyte, only one of whose two microgametes may be functional. The 
condition in which the microgamete enters the archegonium is variable ac¬ 
cording to the species: in Taxus canadensis the microgamete is still invested 
with its cytopla^, contacts the archegonial nucleus at the basal end of the 
archegonium, and the cytoplasm invests the fusion nucleus; conditions are 
similar in Torreya taxifolia save that the fusion nucleus is located in the center 
of the archegonium; Torreya calif ornica resembles T, taxifolia; in Torreya 
nucifera the nucleus is extruded from the microgamete in the form of an hour¬ 
glass and the fusion nucleus is slightly below the center of the small arche¬ 
gonium. In all cases the male nucleus is much smaller than that of the arche¬ 
gonium. 

No accurate cytological details of the first mitosis have been described. 

Proembiyo:- The two free nuclei resulting from the first mitosis are, in 
most species, surrounded by a dense cytoplasmic sheath derived principally 
from the microgamete in some species, but formed in the archegonial cytoplasm 
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Fio. 38. — Torreya nucifera. A. Two-nudcate procmbryo. Xiio. B. Four-celled proembryo. Xi 30 . C. 
Ten- to twelve-cell^ proembryo. Xiao. D. Twelve-celled proembryo, with beginning of prosuspensor elonga¬ 
tion. Xiio. E. Sixteen* to eighteen-celled proembryo. Xiio. F. Hibernal embryo. X55. G. Proembryo 
with cell arrangement disturbed so that embryonic cells are lateral to prosuspensor cells. Xss. H. A single pro- 
suspensor cell from an older embryo system which has given rise to embryonic masses. Xs.s- Early embryo 
system with prosuspensors elongated. X45* Torreya taxifolia. J. Longitudinal section of embryo on secondary 
Buspensor with remains of smaller embryos resulting from cleavage polyembryony. X60. Torreya californica. 
K. A complete embryo system; the prosuspensors arc becoming embryonic, and the embryonal tubes are well.de¬ 
veloped. X55> Symbols: embryonal tubes; p, prosuspensor. {Redrawn from Buchholz xg4o). 
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in those cases where the nucleus of the microgamete escapes some time before 
fusion (Fig. 28A). In Torreya taxifolia the nuclei remain in the center of the 
archegonium; in the other species they are near or at the base. A second 
mitosis next occurs, giving rise to four free nuclei. In Torreya taxifolia, T. 
californica and T. nucifera (Fig. 28B) walls are formed after this mitosis, al¬ 
though one account states that cell wall formation in T. nucifera begins at the 
eight-nucleate stage. In Austrotaxus spicata about half of the nuclei become 
walled during the transition from the eight-nucleate to the sixteen-nucleate 
stage (Fig. 29A). After the succeeding mitosis in this species, the lower seven 
nuclei are walled and the remaining nine nuclei lie free in a small mass of cyto¬ 
plasm (Fig. 29B). A somewhat similar arrangement occurs in Taxus baccata. 

The young proembryo completely fills the archegonium in Torreya taocifolia, 
but in the other species it occupies only the lower half or two-thirds of the 
archegonium. 

After the four-nucleate stage, the divisions are not always regular, particu¬ 
larly in T'orreya: there may occur six-celled, eight-celled and twelve- to fourteen- 
or sixteen-celled proembryos. If the proembryo does not already fill the entire 
archegonium, it now elongates to occupy the unfilled upper portion of the 
archegonium. Except in Austrotaxus, growth now becomes arrested through 
the late autumn, winter and early spring. This resting stage has been desig¬ 
nated as the hibernal embryo (Fig. 28F). 

Embryo:- In Austrotaxus spicata at the transition from the proembryo 
stage to that of the embryo the structure consists of about thirty-two cells ar¬ 
ranged somewhat indefinitely in tiers. This arrangement may be typical but is 
probably inconstant. The upper tier has been designated as the rosette tier, 
but as rosette embryos have not been observed, it is doubtful if this is actually 
a rosette tier; it may be recalled that in other Coniferophyta — e.g,, Fodocarpus 
spicatus — a rosette is variable in occurrence. The second tier gives rise to a 
very long prosuspensor (Fig. 29C). The remaining cells consist of embryo 
nitials, arranged in four tiers of 5, 5, 3 cells and a single terminal cell respec¬ 
tively. The latter is not in the nature of a sterile cap cell, in which respect it 
differs from similar cells in other Coniferophyta. The embryogeny of Austro¬ 
taxus has not been investigated further. 

The embryogeny of Taxus baccata is much like that of Austrotaxus save that 
the upper tier of cells degenerates at an early stage in the elongation of the 
prosuspensors. 

The hibernal embryo of Torreya is distinctly past the true proembryo stage 
since the prosuspensor cells have already elongated slightly when the structure 
begins the inactive period lasting until Uie following spring. In T. nucifera the 
hibernal embryo displays various arrangements of its component cells; many 
of the apparently abnormal cell orientations are due to accidental displace¬ 
ments suffered during the period when the gametophyte envelops the pro¬ 
embryo (Fig. 28G). Many of the irregularities observed during later develop¬ 
mental stages are attributable to variations in the cell number and orientations 
in the hibernal embryo. The early embryo shows the prosuspensor cells greatly 
elongated and unequally swollen. At the upper end is to be found a group of 
cells in the position of rosette embryos but they are not actually such since there 
is usually no rosette tier. They probably were derived from some of the cells 
of the hibernal embryo which did not elongate in the uppermost tiers of the 
prosuspensor. Sometimes the^ embryos appear to be oriented in the direction 
of the former apex of the archegonium. Again, single prosuspensor cells on 
older embryo systems may internally develop embryo-lik^ masses (Fig. 28H). 
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Apical cells have not been discerned in any of these embryos. One account 
states that rosette embryos are very common, but this is doubtful. After the 
terminal embryo has produced a considerable number of cells embryonal tubes 
make their appearance immediately below the connection of the embryo to 
the prosuspensor (Fig. 28E, I). These embryonal tubes elongate backward, in 
several successive layers, and form massive secondary suspensors. Only one 
embryo reaches maturity in each ovule; it is not fully developed when the seed 
is ripe but undergoes considerable growth within the seed after it has fallen 
(Fig. 28K). 

In Torreya californica the elongating prosuspensor fills the entire archego- 
nium and crushes the upper free nuclei. The hibernal embryo has not been 
studied. There are from four to seven cells in the prosuspensor and these ex- 



Fig. 29. — Austrolaxm spicaia, A. Eight-nucleate proembryo. 

X220. B. Sixteen-nucleate proembryo; the lower seven nuclei have 
formed walls and the upper nine are free in a small mass of cytoplasm. 

X220. C. Young embryo with prosuspensor and upper tier. Xi25. 

{Redrawn from Saxton 1934). 

hibit a peculiar nuclear behavior. There are a number of free-nuclear mitoses, 
followed by wall formation after a considerable number of such nuclei have 
been produced, then cell walls appear after each nuclear division. Misshapen 
and abnormal embryos are presently formed in this unusual manner. A series 
of embryonal tubes soon become produced on the terminal embryos to form 
massive secondary suspensors. Before the cotyledons appiear, the developing 
embryo has the shape of a cylinder. Cleavage polyembryony is prevalent. 
It appears that each fertilized archegonium may produce at least as many 
embryos as there are cells in the young proembryo and occasionally as many as 
there are cells in the hibernal embryo. In addition, as mentioned above, the 
prosuspensor cells add more embryos. There are two cotyledons on the mature 
embryo. 
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Conditions in Torreya taxifolia are essentially similar to those in T. nucifera. 
There are likewise two cotyledons on the mature embryo. 
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Chapter XIII 

EPHEDRACEAE 

The family consists of only one genus, Ephedra, 

Fertilization:- When the pollen grain of Ephedra trifurca begins to ger¬ 
minate, the two prothallial cells soon disappear and the body cell divides. 
The tube nucleus and stalk cell at first lie at opposite ends of the pollen grain, 
then move through 90° and come to lie side by side. The tube nucleus comes 
to rest against the wall and soon afterward the pollen tube protrudes from this 
point of contact. The two microgametes are of equal volume and truly elliptical 
in shape. One of them almost invariably enters the microgametoi)h3de ahead 
of the stalk cell, which takes a position in advance of the second microgamete. 
The microgametophyte forces its way between the neck cells of the archego- 
nium, rarely destroying them. At about this time, the stalk nucleus and tube 
nucleus disappear. I'he second microgamete usually remains in the upper part 
of the archegonium and later the region it occupies is filled with a number of 
small cells which may have been derived either from that nucleus or jointly 
from the jacket cells. However, this explanation is probably erroneous: to 
judge from what happens in E. campylopoda, which was investigated at a much 
later time, it is probable that the ventral canal nucleus in E. trifurca fused with 
one of the microgametes and thereupon gave rise to a number of cells. This 
mass of cells is ephemeral and is quickly absorbed by the functioning pro¬ 
embryo. 

As in E. trifurca^ there are two microgametes, equal in size, in £. aUissima, 
They increase in size as they migrate down the microgametophyte. No cyto¬ 
plasm was observed to invest the microgamete which comes into contact with 
the upper end of the more or less pointed archegonial nucleus, although a zone 
of radiating strands of cytoplasm is described as appearing around the zygote 
nucleus. 

In E, campylopoda the microgametophyte grows down through the micro- 
r ylar canal and may force the neck canal cells ahead of it into the archegonium. 
Both microgametes enter an archegonium; one fuses with the ventral canal 
nucleus and the other with the archegonial nucleus. This phenomenon is the 
equivalent of ‘‘double fertilization’’ in the Anthophyta, although the equivalent 
of an endosperm is not produced. Moreover, nuclei from the cells surrounding 
the archegonium may become freed to migrate into the latter and the union of 
the archegonial nucleus with such a free nucleus was actually observed in an 
unfertilized archegonium. Whether such an occurrence can give rise to an 
embryo is not known. 

That microgamete in E, campylopoda which fuses with the archegonial 
nucleus is from one-third to one-fourth the bulk of the latter. The former may 
come into contact with the latter at almost any point, but this is usually near 
the upper end. The actual details of fusion are obscure, though it appears to 
be probable that separate groups of maternal and paternal chromosomes are 
resolved. 

Fusion of the ventral nucleus with the second microgamete has been de¬ 
scribed in E, foliata. 

( 7 ») 
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ProembryoThe zygote of E, trifurca gives rise to eight free nuclei more 
or less unequal in size. From three to five of the largest of these nuclei become 
surrounded by walls. The cells at first are very irregular in shape but presently 
become more or less globular. The nuclei which remain unwalled are either ar¬ 
ranged in a row down the center of the archegonium or are scattered throughout 
the latter. In general the lower walled cells successfully produce embryos, 
although it was noted that in a few instances the lower ones did not progress 
further than the one-celled stage, the micropylar ones alone being successful. 

The nucleus of a proembryonal cell divides into two free nuclei which are 
equal in size at first but one soon becomes noticeably larger than the other 
(Fig. 30A). The nuclei migrate to the lower end of the cell, with the larger of 
the two invariably placed below the other. Next two papillae, presumably 
initiated by the nuclei in some inexplicable manner, begin to project from the 
cell at the points nearest the nuclei. Presently the papilla closest to the larger 
nucleus rapidly elongates and the other papilla becomes obliterated. The de¬ 
veloping papilla is a suspiensor tube; if it is from the cell that is located lower¬ 
most in the archegonium, it is immediately directed downward; but outward 
and then downward if it projects from any of the upper cells. The larger 
nucleus then i)asscs down nearly to the end of the suspensor tube. Immediately 
behind it a cleavage ring, commencing at the wall of the suspensor tube and 
gradually extending inward, appears in the cytoplasm and separates the tube 
into two portions, each with a nucleus (Fig. 30B). A wall is established at the 
cleavage plane. The nucleus left behind passes down the suspensor tube to 
the lower end and there eventually disintegrates. The suspensor elongates 
rapidly, thrusting the proembryonic initial deeply into the gametophytic tis¬ 
sues, and remains turgid until the secondary suspensor is produced, after 
which it collapses (Fig. 30C-E). 

In E. Joliata there is but one suspensor tube and the nucleus of the proem¬ 
bryonal cell does not divide until after the tube has been formed and the former 
moves down to the tip of the latter. 

In E.foliata the suspensor tube is not very long; in E. trifurca and E. dis~ 
tacky a it elongates considerably, and is so long in E. altissima that its course is 
difficult to trace. In the latter species a second transverse wall may occasion¬ 
ally be erected in the suspensor tube. The cell at the tip of the suspensor tube 
segments transversely into a basal cell and a terminal cell. In E, trifurca the 
basal cell segments first, by a longitudinal wall (Fig. 30E); in E.foliata the sec¬ 
ond wall is longitudinal in the terminal cell, and in E. distachya the terminal 
cell divides by two transverse walls. These features appear to be specific diag¬ 
nostic characters of prime importance. 

Subsequent events have been followed out most closely in E. trifurca. The 
third division is longitudinally diagonal in the terminal cell (Fig. 30F) and di¬ 
vides it into two unequal cells (Fig. 30G). The succeeding division is oblique 
in the larger of the two daughter cells (Fig. 30H), resulting in a lower cell and 
an upper triangular cell which has every appearance of being an apical cell. 
This procedure is decidedly reminiscent of the origin of the epiphysis initial in 
certain angiospermic genera. The apical cell can be traced through favorable 


Fio. 50. — A- 1 .. Epktdratnjurcc. A. Proembryonic cell with two free nuclei and commencement of suapensor tube 
development. B. After wall formation in auspenaor tube. C, D. Transverse segmentation of proembr:^nic initial 
and elongation of suspensor tube. E. Vertical partitioning of upper daughter cell F. Mitosis after which oblique 
wail will be formed in lower daughter celt G. Formation of oblique wall completed. H Oblique wall formed In 
larger cell resulting from preceding division (at lower left); the triangular cell at apex is the apical cell. I. After 
transverse segmentation of two upper cells (apical cell not yet delimited). J. Further growth of proembryo; apical 
cell is still visible. K. Slightly oblique section of developing proembryo; apical cell not apparent. L. Formation 
of pcriclinal walls in ai^cal cell and adjoining cell (a secondary suspensor cell, without nucleus, is at the top). A-C, 
X 050; D-L, X 470. (Alt figures (tritinal). 







Johansen 


— 82 — 


Embryology 


sections of the succeeding stages (Fig. 30J, K) until it is finally partitioned by a 
periclinal wall (Fig. 30L) and thereby loses its identity. Occasionally, how¬ 
ever, both juxtaposed daughter cells of the basal cell may divide transversely 
before the division delimiting the apical cell occurs (Fig. 30I); otherwise, they 
occur shortly afterward. It is evident (Fig. 30J-L) that both basal and termi¬ 
nal cells contribute to the construction of the embryo proper. 

Embryo:- At about the time the epidermal initials are separated, the 
secondary suspensor makes its appearance. This marks the transition period 
from proembryo to embryo. The secondary suspensor is erected by the ad¬ 
dition of successive elongations of basal cells of the embryo (Fig. 30L) and 
finally it merges insensibly into the root cap. The exact details of this growth 
are not clear. 

Events in E. distachya appear to be essentially similar to those in E, 
trifur ca. 

Only one embryo, which is dicotyledonous, matures in a single seed. 

The observations on the embryogeny of E. irifurca are original; slides were made from 
the identical material employed by Dr. Land (kindly furnished by Dr. II. S. Jukica). 
Bekridge, E. M. 1909. Fertilization in Ephedra altissima. Ann. Bot. 23; 509-512. 
Berridge, E. M., and E. Sanday. 1907. Oogenesis and embryogeny in Ephedra distachya. 
New Phytol. 6: 127-134, 167-174. 

Herzfeld, S. 1922. Ephedra campylopoda Mey. Morphologic der wciblichen Bllite und 
Befruchtungsvorgang. Denkschr. Acad. Wiss., Wien, Math.-nat. Kl. 98: 243-268. 
Khan, R. 1940, A note on “double fertilization” in Ephedra foliata. Current Sci. 9:323" 324. 
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Land, W. J. G. 1907. Fertilization and embryogeny in Ephedra trifurca. Bot. Gaz. 44: 273- 
292. 




Chapter XIV 

GNETACEAE 


The family includes one living genus: Gnetum. There is a certain degree of 
confusion between the accounts of the embryogeny, particularly in the older 
ones, unless it be that misinterpretations have been made in some respects. 
The species appear to differ considerably in details; this is so pronounced, in 
fact, that a thoroughgoing re-examination of as many species as possible in the 
light of modern knowledge of Gymnosperm morphology is highly desirable. 

Fertilization:- In Gnetum two or three megaspores, each developed from a 
separate megasporocyte, usually grow into megagametophytes. The latter, 
when mature, have the shai)e of inverted flasks with a mass of cytoplasm and 
free nuclei at the lower end and a thin layer of cytoplasm containing a single 
row of nuclei along the sides. The total number of nuclei is 256, but in certain 
species the number may reach 512. After the microgametophyte comes into 
contact with the megagametophyte, a very significant development occurs. 
Up to this point, organization has been along the familiar gymnospermous 
lines but it now changes to a distinctly angiospermous condition. One, two 
or three of the nuclei at the upper end of the megagametophyte become dif¬ 
ferentiated from the others and definitely recognizable as egg nuclei (Fig. 31 A). 
The position of these egg nuclei has no precise relation to that of the micro¬ 
gametophyte. 

The microgametophyte usually contacts the megagametophyte at one 
side of the expanded portion (Fig. 31 A). Both microgametes, the tube nucleus, 
and a certain amount of cytoplasm are discharged into the megagametophyte. 
The microgametes move to one of the eggs, leaving the tube nucleus behind. 
Subsequent events vary according to the species. 

In an unidentified species the egg and two microgametes are found together 
in a definite chamber wholly or partially surrounded by endosperm cells (Fig. 
31B, C). In all species it appears to be clear that only one of the microgametes 
actually fuses with the egg nucleus. In no case during the subsequent division 
of the fusion nucleus could paternal and maternal chromosomes be observed, 
which would indicate that the division is angiospermic rather than typically 
gymnospermic in nature (Fig. 31D). 

The fertilized egg of ( 7 , gnemon is surrounded by a mass of cytoplasm and 
free nuclei, while in the other species it is enveloped by endosperm cells. 

Proembryo:- In an unidentified species the fertilized egg divides two or 
three times to produce a small group of cells (Fig. 31E, G). There is thus no 
free-nuclear stage as in the Coniferophyta. Walls are always formed but there 
app)ears to be no precise order in the divisions and no definite arrangement of 
the cells. Each cell next elongates to form a suspensor which penetrates to¬ 
ward the bottom of the endosperm (Fig. 31F), most of whose growth has 
taken place in the lower portion of the megagametophyte. There is usually 
only a single large nucleus in each suspensor, but two have been observed. 
Walls have never been seen and there is little inching. 

In G, moluccense the suspensors often grow outside the endosperm, usually 
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between it and the nucellus, but sometimes even beyond the endosperm into 
the cellular tissue at the base of the nucellus. However, embryos are developed 
only within the endosperm. The manner of development of the embryo was 



Fig. 31. — Gnetum gnemon, A. Apex of rnegagametophyte with two eggs and free nuclei, 
and tip of microgametophyte with two microgametes and tube nucleus. X400. Gnetum sp. 

B. Megagametophyte with some of the free nuclei walled, egg with two microgametes. X400. 

C. Fertilization: the two microgametes in contact with the egg. X400. Gnetum gnemon, 

D. Fertilized egg surrounded by cytoplasm and free nuclei. X400. E. Two-celled proem¬ 
bryo, surrounded by cytoplasm and nuclei. X300. F. Suspensors developing from proem- 
bryonal cells. X300. Gnetum sp. G. Several-celled procmbiyo. X4O0. (Redrawn from 
Thompson 1916). 

not followed out; the young embiyo consists of a small group of irregularly ar¬ 
ranged cells. 

Only two cells are formed previous to the development of the suspensors in 
G. gnemon. The two suspensors grow down to penetrate the endosperm. 
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In certain unidentified species a coiled bundle of tubular suspensor-like 
structures is developed, with the one nucleus of each tube located near the tip. 
Such bundles do not occur in G, funiculare and G, gnemon\ here the suspensor 
tubes soon separate from each other and ramify widely through the gameto- 
phytic tissues (Fig. 32A). In the unidentified species the cytoplasm at the tip 
of a suspensor tube becomes denser and surrounds a peculiar, elongated, 




Fig. 32. — Gnetum funictdare, A. Branching of suspensor tubes. Gnetum sp. B. Top of 
primary suspensor with peculiar cell. X425. C. Shortened end cell moving out of surround¬ 
ing cytoplasm. X425, D. Two>celled stage of secondary suspensor. X425. (Redrawn from 
Haining 1920). 

pyriform cell containing a single large nucleus (Fig. 32B). The apex of this 
cell is closely applied to the end wall of the suspensor cell. The fruit is ripe 
at this time and further development proceeds after the abscission of the fruit. 
The suspensors swell to about five times their original size. The end cell be¬ 
comes enlarged and moves out to crowd into a protrusion of the gelatinous wall 
of the tube (Fio. 32C). The cell is partitioned into two adjoining daughter 
cells (Fig. 32D), then each of these divides again in the perpendicular plane 





Johansen 


— 86 


Embryology 


to form four cells. After this the cells continue to divide in an irregular man¬ 
ner to form an ovoid mass. The basal cells then elongate to produce the 
secondary suspensor. This structure is ribbon-like and folded in the gameto- 
phytic cavity. It is not found in G. gnemon and is unlike the secondary embry¬ 
onal tubes of certain Coniferophyta. At the basal end of this secondary sus¬ 
pensor a chain of smaller cells with denser nuclei is differentiated, which may 
function in the proliferation of embryos. The cells at the apex of the secondary 
suspensor are actively meristematic and by rapid multiplication they form the 
massive embryonic body. 

Embryo The cell at the tip of the suspensor of G, gnemon adds cells by 
means of anticlinal walls (Fig. 33A-D). The peripheral cells of the group thus 
formed grow laterally along the surface of the suspensor and by means of ad¬ 
ditional anticlinal walls produce short embryonic tubes comparable to those in 
Welwitschia. A cell is next cut off above the end of the suspensor by means of 



Fig. 33. — Gnetum gnemon, A-D. Developing embryos. X175. E. Trans¬ 
verse wall formed near end of suspensor. X175. F. Older embryo. X175. Gne¬ 
tum moluccense. G. Several-celled proembryo. Symbols: c, apical cell; 5, suspen¬ 
sor. fA~F redrawn from Bower 1882; G redraum from Thompson 1916). 


a transverse wall and this cell is then segmented longitudinally (Fig. 33E.) 
Periclinal as well as anticlinal walls are now erected in the lateral cells of the 
peripheral layer. What has all the appearance of being an apical cell is created 
at the apex when a cell centrally located divides by walls perpendicular to the 
outer surface of the embryo and inclined to one another (Fig. 33C-E). A large 
embryonic body is presently formed, A definite epidermis covers the cotyle¬ 
dons and hypocotyl but does not extend over the root region. 

Growth of the developing embryo is very rapid (Fig. 33F). Shortly after 
the cotyledons commence growth a lateral protuberance appears on one side 
of the hypocotyl. The position of this protuberance is constant: it always lies 
on the under side of the embryo as the seed lies during germination, but has no 
constant relation to the position of the cotyledons. The protuberance during 
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growth soon assumes a nearly cylindrical form. It arises through lateral ex¬ 
tension of the tissues of the hypocotyl, the epidermis, cortex, vascular bundles 
and pith all participating in its formation. It is morphologically equivalent 
to the same structure found in Welwitschia, known as the feeder,’^ but in the 
latter genus the cortex and epidermis form the bulk of the body. The growth 
soon overtops the hypocotyl; after the embryo has protruded itself from the 
seed, the growth remains within the seed, expands and fills the whole of the 
space previously occupied by the embryo. 

In some unidentified species the embryonic body is differentiated as in G. 
gnemon. At the apex a conical projection is produced, surrounded by a thick 
ridge from which the cotyledons develop. A “foot^’ projects from the side of 
the hypocotyl and may exceed the cotyledons in length; it remains in the seed 
as an absorbing organ. 

Polycmbryony seems to prevail in Gneium. There is considerable variation 
in this respect, both between different spiecies and within the same species. 
For instance, three of the four primary suspensors may develop extensive 
multicellular secondary suspiensors and no one of the three shows any indication 
of being the successful one. Again, two of the four may be equally well de- 
v^eloped, with the third grown to about one-third of the others before it aborts; 
or only one of the four may develop. Finally, several embryos may develop 
from a single primary suspensor, or a secondary suspensor may branch to form 
extra embryos. Sometimes chains of smaller cells may be observed in the 
tissues of a secondary suspensor; from these, outgrowths resembling normal 
embryos may develop. These are bud embryos. No cases were observed in 
which secondary suspensors fused to form a single embryo. No matter how 
many potential embryos may be produced, only one attains maturity in a 
given ovule. 

Bowkr, F. O. 1882. The germination and embryogeny of Gneium gnemon. Quart. Jour. 
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Thompson, W. P. 1916. Morphology and affinities of Gneium. Amer. Jour. Bot. 3: 135-184. 




Chapter XV 

WELWITSCHIACEAE 

The family is monogeneric and with only one species, Welwitschia mirabilis, 

FertUization:- Archegonia are not formed. In place of these, the megaga- 
metophyte contains between 1015 3,nd 1360 free nuclei equally distributed 
throughout its mass. The megagametophyte next becomes clearly differen¬ 
tiated into an upper fertile and a lower mostly sterile region. The first com¬ 
prises approximately the micropylar fourth of the megagametophyte; the 
nuclei are fewer in number and are functionally sexual. All, or at least the 
majority, of the more crowded nuclei contained in the lower three-fourths of 
the megagametophyte presently give rise to a sterile tissue which has been 
called the endosperm. However, a few of the nuclei in this region may remain 
functionally sexual and behave precisely like those of the upper region. In 
both regions a cleavage process, somewhat resembling that in Ephedra which 
differentiates the proembryonal eggs, separates the nuclei into compartments. 
The nuclei in each compartment in the micropylar region generally number 
two, rarely more than six (Fig. 34A), and the cells are also relatively larger 
than in the lower region. Here the number of nuclei may be as low as two, 
but is usually twelve or more. From this stage onward the two regions develop 
differently. The lower region will not be discussed further since it is not di¬ 
rectly concerned with the development of the embryo. 

The nuclei in the cells in the micropylar region increase in size and the 
cytoplasm becomes vacuolate. As the vacuoles enlarge, the bulk of the cyto- 
j)lasm with the contained nuclei comes to lie against one wall of the compart¬ 
ment (Fig. 34B). As soon as this condition is reached that part of the wall 
begins to become extended in the form of a tube into which the cytoplasm and 
nuclei migrate (Fig. 34C). The tubes penetrate the megasporangial wall and 
grow into the axial core of the nucellar cone. The lower part of each tube is 
highly vacuolated, soon loses its cytoplasm and appears as an empty cell. The 
bulk of the cytoplasm, together with the nuclei, advances with the tip of the 
tube. 

The morphological nature of these tubes poses a difficult problem. They 
were first designated as ^'secondary embryo-sacs,’’ then as ‘‘prothallial tubes” 
and finally as ‘'embryo-sac tubes.” If an analogy with conditions in Gnetum 
is accepted, the cells appear to be multinucleate eggs which became tubular. 

Each tube grows independently of the others. The direction of growth is 
upward and slightly outward for most of the tubes, but some may grow down¬ 
ward, or turn slightly outward and proceed more or less horizontally toward 
the integument. Most of those pointed upwards continue growth until a 
microgametophyte is encountered or if this does not happen development 
continues until the surface of the nucellar cone is reached, and they may even 
project into the micropyle. At first the nuclei in each tube lie close together 
but later generally become separated and arranged in single file. When con¬ 
tact is established with a microgametophyte one of the nuclei is commonly 
located considerably ahead of the others. 
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Rarely all of the nuclei within a given egg may fuse to form a single nucleus. 
As many as six nuclei may become fused into one. 

Fertilization may occur in any part of the nucellus above the apex of the 
original megagametophyte, but generally takes place near the center of the 



Fig. 34. — Weluntschia mirahilis. A. Median longitudinal section through micropylar 
end of megagametophyte revealing the irregular planes of septation. Each compartment will 
form egg tubes into which their nuclei will pass. B. Commencement of tube growlh. C. 
Median longitudinal section through tissue of nucellar cone lying immediately above the 
megagametophyte and into which the young egg tubes have penetrated. One tube contains 
five free sexual nuclei lying close together near the tip. D. Egg tube and microgametophyte 
{p) in contact. Egg nucleus (c) has entered cytoplasm of latter. Male nuclei (w) in genera¬ 
tive cell are in normal condition. E. Generative ceil (w) and egg tube (e) nuclei in contact. 
F. Fusion complete; respective nucleoli distinct. All X 525. {Redrawn from Pearson 1909). 


nucellar cone. The nucleus of the generative cell of the microgametophyte 
divides soon after the latter penetrates the nucellar cone. The two resulting 
nuclei are both potentially functional, though one nucleus is larger than the 
other and so situated that it is in advance. Frequently, however, one of the 
nuclei becomes disorganized and disappears. The tube nucleus precedes the 
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generative cell but presently disappears. 'Fhere is no stalk cell. At the time 
the egg tube and microgametophyte meet, therefore, there is only a generative 
cell present in the latter. 

The two tubes may come into contact at their tips, or the egg tube becomes 
attached to the microgametophyte laterally in the neighborhood of the position 
occupied by the generative cell (ITc. 34D). The respective walls break down 
at the point of contact and that one of the egg nuclei which is ahead of the 
others then passes directly into the generative cell. This behavior, obviously, 
is the exact contrary of what happens during fertilization in all other Sperma- 
tophyta, but there appears to be no question regarding the authenticity of the 
phenomenon. No instances could be found in which fertilization clearly oc¬ 
curred within the egg tube. It is therefore probable that fertilization always 
takes place while the generative cell still remains within the microgameto¬ 
phyte. The nuclei of the egg tube and generative cell quickly fuse and then 
pass into the resting condition (Fig. 34E, F). In the first mitosis the paternal 
and maternal chromosomal sets are not segregated on separate spindles. This, 
as in Gnetum, indicates an angiospermic tendency. 

Proembryo While the number of proembryos developed in a given nucellus 
probably do not exceed the number of microgametophytes which enter that 
nucellus, there are usually about twelve. The zygote boundary coincides ap¬ 
proximately with that of the original generative cell. However, in those in¬ 
stances in which both nuclei of the generative cell persisted, only the anterior 
portion of the cytoplasm of the latter becomes part of the zygote. This doubt¬ 
less accounts for the differences in the sizes of zygotes in the same nucellus. 
When formation of the zygote wall is completed the cell elongates and the 
cytoplasm toward the micropylar end becomes vacuolate. Elongation for the 
most part is in the downward direction; the micropylar end of the proembryo 
is always in contact with unbroken nucellar cells. The cell at first lies entirely 
within the canal excavated by the microgametophyte and egg tube, but later 
growth may be through hitherto undamaged nucellar tissue. The nucleus mi¬ 
grates downward as the cell elongates and presently undergoes mitosis to pro¬ 
duce two cells separated by a transverse wall (ITg. 35A). The lower cell is 
smaller than the micropylar one. The latter does not divide further; it at¬ 
tains a considerable length as the ‘‘primary^^ suspensor and later as the axial 
part of the secondary” suspensor. 

The terminal cell is the embryonal initial proper. The first division in this 
cell is longitudinal (Fig. 35B) and the two resulting cells segment again in a 
plane perpendicular to that of the first division, whereupon each of the four 
daughter cells is divided transversely (Fig. 35C, D). The four resultant cells 
adjoining the primary suspensor cell are smaller than the outer tier of four 
cells (Fig. 3sD). The next divisions occur in these smaller cells; the jilane is 
radial and parallel to the long axis of the proembryo (Fig. 3SE). The upper 
tier at this time possesses its full complement of eight cells; subsequently this 
tier gives rise to the inner cortical ring of the secondary suspensor and may 
therefore be designated as the *‘inner cortical tier” {ictj Fig. 3sE). 

The four terminal cells segment by means of radial longitudinal walls 
meeting in the axis of the proembryo. This tier hereafter consists of eight 
equal cells. In each of these cells an oblique wall is erected; the cells so sep¬ 
arated form a ring lying above and outside the initial cells and beneath the in¬ 
ner cortical tier (Fig. 3sF). The eight cells of this external ring divide again 
by longitudinal radial walls to produce the sixteen initial cells of the outer 
cortical ring. At the next stage the eight terminal initials divide by walls 
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oriented transversely to the axis of the proembryo (Fig. 35G), Thus there is 
formed a plateau of eight cells which lie within the outer cortical ring and form 
what might be called the “embryonic plate.” 

The proembryo by this time has reached the upper part of the endosperm 
and the development of the secondary suspensor now commences. The first 
indication of this process is the elongation of the eight cells comprising the 
inner cortical tier {id, Fig. 3SF). These eight cells, together with the distal 
end of the primary suspensor, develop together as a unit; they are not isolated 
embryonal tubes which grow independently. The same is true of the cells of 



Fig. 35. — Wdwitschia mirabilis. A. Two-celJcd proembryo. B. Three-celled proembryo, C. Proembryo with 
terminal group of four initial cells (»c). D. Nine-celled proembryo with four initial cells, with plateau of four cells 
above (^, pollen tube). E. Later stage, with two initial cells (»c) shown, and above them two of a ring of eight cells 
resulting from division of initial cells shown in I). F. I/ongitudinal section of proembryo, with two cells of inner 
cortical tier considerably elongated, and inner ends of two others sectioned transversely: also two cells of outer 
cortical ring {ocr) and, below them, two cells of the lower ring (X) which have been separated by oblique walls from 
the terminal initial cells; the section passes through three of the cap cells. G. A later stage than the preceding, in 
w.iich the cells of the inner cortical ring (four shown) arc now much elongated; those of the outer cortical ring (two 
visible) have commenced growth. The embryonic plate, lower ring and cap are each represented by two cells. H. 
A slightly older stage than the preceding; in oblique section, showing five cells of the embryonic plate and four of the 
cap. Symbols: p, microgametophyte; ic, initial cells; ict, inner cortical ring; ocr, outer cortical ring; X, lower ring; 
E, embryonal initials; c, cap cells. A X S*S; others X«30. (Redrawn from Pcakson xqoq). 


the outer cortical ring. The nucleus of the primary suspensor cell disintegrates 
and disappears during the early stages of elongation of the inner cortical ring. 
In the meantime the eight terminal initial cells segment in a manner similar to 
a preceding division by which the outer cortical ring was erected. A ring of 
eight cells, later increased to sixteen by radial longitudinal segmentation, is 
thus formed lying above and outside the initial cells and beneath the outer 
cortical ring. These sixteen cells were observed unchanged in the most ad* 
vanced embryos encountered, but it is possible that they may give rise to a 
third ring of cortical suspensor cells. They may collectively be designated as 
the lower ring (X, Fig. 35H). The sixteen cells of the outer cortical ring 
elongate in precisely the same fashion as do those of the inner ring. 

It will be observed that the advanced proembryo bears a remarkable re¬ 
semblance to similar stages in Araucaria angustifolia (Coniferophyta: Arau- 
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cariaceae). The terminal group of eight cells formed when the lower ring-cells 
were separated from the initial cells is probably homologous with the group 
of cap cells in A. angusHfolia, and the group of embryonic initials clearly have 
the same function. 

When only one proembryo is present, it follows a fairly direct course to¬ 
ward the center of the endosperm. When several proembryos are developed, as 
is the usual case, the core of the upper third of the endosperm is completely 
demolished. As a rule, one of the several proembryos outgrows the others and 
thrusts its terminal group of cells deep into the endosperm and becomes the 
one to attain maturity. Only one mature embryo has ever been found in a 
single seed. 

Dissections of embryo systems have never been made in W, mirabilis; con¬ 
sequently, many features of later development of the proembryo remain ob¬ 
scure. It is difficult to make accurate determination of these points from sec¬ 
tions. Development of the embryo to maturity apparently occurs after the 
seed has been shed. 

Peaxson, H. H. W. 1909. Further observations in Welwitschia. Phil. Trans. Roy. Soc,, Lon¬ 
don, B, 200: 331-402. 
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Chapter XVI 

GENERAL CONSIDERATIONS 

Scope and Definition of Angiosperm Embryology:- Angiosperm embry¬ 
ology may be divided into two divisions: General Embryology and Special and 
Comparative P^mbryology. 

The first division may be subdivided into three groups of more or less re¬ 
lated subjects: 

1. Embryonic Morphology. — This subdivision embraces the static phases of embry¬ 
ology, and these depend upon whether the external aspects alone are considered, in 
which case it may be described as Embryography, or whether the internal aspects are 
under consideration, in which instance either Cytology, Histology or Anatomy proper 
are the terms to be employed as each occasion requires. 

2. Embryonic Physiology. —This subdivision embraces the dynamic phases of em¬ 
bryology. These aspects are very rarely dealt with by plant embryologists and are 
generally left to plant physiologists. One familiar example is the growth in vitro of 
more or less immature embryos removed from seeds. 

3. Embryogeny. —These phases, with which the great majority of embryologists are 
concerned, embrace the kinematic aspects of embryology. They may be separated as 
individual phases, with appropriate designations, as follows: 

a. Embryogenesis proper: the origin of the embryo; ^ 

b. Embryotectonics: the architecture of the embryo; 

c. Embryogenergy: the destination or functions of the embryo; 

d. Embryonomy: the law's of embryonic development. 

Special and Comparative Embryology as a division requires no subdivision 
since these topics relate to individual species, to well defined genera, occasionally 
even to entire families, and therefore follow phylogenetic lines more or less but 
there exists a certain degree of overlapping since species in very diverse and 
totally unrelated taxonomic families may follow the identical embryonomy. 

Early Attempts at Embryonomic Classificaticn:- Up to the present time 
no one has seriously attempted to formulate a definite scheme including all the 
embryonomic Types and Variations and with these either named or otherwise 
distinguished so as to be clearly recognizable. SouicES, in one or two of his 
papers, mentions Megaarchtypes’' but the author has been unable to find a 
scheme employing such terms in any of this investigator’s publications that 
could be located. Apparently Sources has done no more than to express the 
hope that a precise classification could some day be prepared. The beginning, 
therefore, is the one made by Schnarf in his “ Embryologie der Angiospermen”; 
he took the name of the family to which belonged the species whose embry¬ 
onomy was most completely known and designated it as the Type. Thus, he 
employed the terms ‘‘Cruciferen-Typus,” ‘‘Astereen-Typus,” ‘‘Solanaceen- 
Typus,” ** Chenopodiaceen-Typus” and ‘'Caryophyllaceen-Typus,” These 
designations obviously are in German. The use of the word ‘‘Type” appears 
to have become generally accepted and the precedent established by Schnarf 
is well worthy of perpetuation; the only alternative is to number the Types 
in some fashion, but this does not permit facile recognition of the individual 
Types and there are other objections. It seems to be best, all matters con- 
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sidered, to take the root of the family name rather than the latter itself and to 
attach to this root the Latin suffix -ad. Schnarf’s designations, with one ex¬ 
ception, are retained. His use of the Cruciferae (Brassicaceae) must be aban¬ 
doned in favor of the Onagraceae since species belonging to the latter family 
display a simpler, more diagrammatic and doubtless more fundamental type 
of embryonomy than does Capsella hursa-pastoris, the basis of the ‘Xruciferen- 
Typus.’’ 

Variations have never been specifically designated as such; they are being 
recognized for the first time in the present connection. A Type is fundamental; 
a Variation is based upon modifications of the fundamental type. These modi¬ 
fications are more or less precocious differentiations, differences in the number 
of cells which participate in the construction of the susp)ensor, in the form or 
very variable dimensions of this structure, or differences in the rapidity of the 
segmentations which may occur earlier or later in favor of the one or the other 
of the cells produced by the same division. It was once presumed that Varia¬ 
tions could be separated into those derived by descendance and those derived 
by ascendance from the fundamental type, but this conception has been 
abandoned. Variations are most conveniently designated by the name of the 
genus whose embryonomy departs in a minor fashion from that of the Type 
to which it is attached. It is, of course, recognized that there may be variations 
in embryonomy among the species of a given genus but these are rare in oc¬ 
currence. Such departures from the normal are often the result of the intro¬ 
duction of such factors as hybridization. When these species differences do 
occur, it is usually possible to distinguish the species which most closely con¬ 
forms to the embryonomy of the Type, then to take this species as most typical 
and to consider the other species as variations (but without giving them sep¬ 
arate recognition as Variations) of the typical species. Examples of this sort 
may be found in the RanunculaceaCj in which species of Adonis, Actaea^ Ranun¬ 
culus and other genera depart in various ways from the t>T)ical embryonomy of 
Myosurus minimus, which is considered to represent the standard Variation for 
the family. 

The six Types which will be described in the next chapter have been tacitly 
accepted by those who have considered Angiosperm embryogeny in a broad 
sense and, merely to state a prophecy, it is believed that they will survive the 
test of time. Variations, on the other hand, are an entirely different matter. 
Not all are capable of as clear definition as is desirable and some should perhaps 
be dropped and the species concerned be assigned to some other Variation. 
As future research on uninvestigated species proceeds, it is inevitable that new 
Variations will need to be erected under the appropriate Types. 

In the present connection the author has undertaken a task never before 
attempted by any embryologist: that of surveying all of the vast embryological 
literature that could be consulted in the original, in an endeavor to determine 
the assignment of each species to one or another of the Types and wherever 
possible to Variations. A very large number of published descriptions do not 
present sufficient detail to allow a precise assignment; occasionally recourse 
was had to the illustrations accompanying the original papers, but these are not 
always presented either in chronological order, in such a way that the sequence 
of segmentations could be perceived, or they represented nonmedian longitudinal 
sections. Altogether too many articles have included only isolated, usually 
rather late, stages, on which it is obviously impossible to base conclusions; 
such articles have been arbitrarily disregarded and the species concerned 
judged to be still uninveiitigated. 




Fundamental Laws of Embryonomy 


Embxyonomic Laws:- There are certain characteristics pertaining to em¬ 
bryonomy which partake of the nature of laws. Each of these laws is truly 
specific when applied to a given species. Those which succeed them during 
the ontogenesis of the embryo and which prevail in the development of definite 
tissues derived from the proembryonic initials or are already roughly delimited 
in the embryo are not specific but are merely characteristic of the tissues in 
those individual species whose construction they govern. Since the embry- 
onomic laws are essentially specific, they provide the explanation for the 
fundamental organization of the embryo of a given species. To state the mat¬ 
ter in other words, when the laws of embryonomy for a given species have been 
determined, they serve to define this species from the embryological standpoint. 
Certain species from very diverse families may follow the identical embryonomic 
laws in a general manner and may therefore be grouped together as a Type. 

Embryonomic Formulae:- In order to elucidate the laws of embryonomy 
with the utmost precision and clarity and in as complete a manner as possible, 
the employment of formulae has become necessary. These formulae indicate 
precisely the relationships which the individual cells present to one another 
during the course of their segmentation, with respect to their origin, to their 
number, to their disposition and to their eventual destination or their his- 
togenic functions. Only those cells engendered during the first four cell gen¬ 
erations are considered in the present connection. These formulae may further 
be combined into tables of recapitulation which at a glance reveal both the re¬ 
semblances and the differences. 

In order to facilitate comparisons, the same cells and the embryonic regions 
to which they give rise may be given the same letter designations. The letters 
employed are those originally used by SouicES and are obviously abbreviations 
of French words, except for a few which were arbitrarily chosen and are not 
actually abbreviations. These letters have been so extensively employed that it 
is now very undesirable to change them into others based on another language. 
I’he terminal cell of the two-celled proembryo is given the designation ca, the 
basal cell that of cb. The two juxtaposed cells, daughters of ca, are designated 
as m is the upper daughter cell of ch and ci is the lower one; », o and p are 
derivatives of ci; / and I' are the upper and lower groups respectively in a two- 
tiered octant proembryo and are together equivalent to g. The regions and 
their corresponding abbreviations oxQipco, the cotyledonary region proper, from 
whose derivatives the cotyledons develop; pvt, the stem apex, in which the 
initials of the stem epidermis may have already been delimited {iep), or the 
initials of the stem cortex are recognizable {iec '); phy, the hypocotyledonary 
region, from which is derived the hypocotyl and the root; co, the root cap, and 
particularly its central portion {co has sometimes been used to indicate the 
cotyledons; cot is the proper designation for these structures); 5, the suspensor 
sensu stricto; icc^ the initials of the central cylinder of the steip; iec, the initials 
of the central’cylinder of the root; finally, in certain cases, ico, the initials of 
the root cap. 

When formulae are combined into a table of recapitulation, such a table is 
applicable to many species, either with exact superposition of all parts, or in a 
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less rigorous manner (i.e., as Variations) with allowance being made for one or 
more secondary differences. These tables may hold good: (/) in the number 
of the cells; {2) in the disposition of the cells; or (j) in the role played by the 
cells, especially those which give rise to the lower portion of the embryonic 
body and have no essential function in the construction of the embryo proper. 
Practicall}^ all other secondary differences arise at a later stage of development, 
beyond the fourth cell generation. 

Certain species are thought to represent types derived by superposition; 
that is to say, by the imposition of the characteristics of one fundamental Type 
upon those of another. In precisely what light this peculiarity should be 
considered is a matter which can not be settled at the present time in view of 
the current scanty state of knowledge; it is a problem which only the future 
can solve. 

Examples of the Application of Formulae:- Senecio vulgaris^ the basis of the 
Senecio Variation, Asterad Type, may be taken to represent an example of the 
application of the laws of development in recapitulatory form. At the first 
cell generation, the bicellular proembryo consists of two cells disposed in two 
tiers, and their destination may be summarized as follow’s: 

ca « pco 4* 

cb « phy 4- ice 4* iec 4" 4" ^ 

I'he formula is interpreted thus: ca, the terminal cell, engenders the cotyle¬ 
donary region {pco) and the stem apex {pvt), while the basal cell {ch) gives rise 
to the hypocotyledonary region {phy, icc), to all parts of the root {iec, co) and 
to the suspensor {s). This obviously means that the basal cell contributes to 
the construction of the embryo proper. 

At the second cell generation, the proembryo consists of four cells disposed 
in three tiers. The terminal cell has divided longitudinally and the basal cell 
transversely. The formula for this generation thus becomes: 

q ** pco 4 - P'i^i 
m ■« phy H- icc 
ci ■= icc 4* 4" 

The interpretation is that the terminal cell region still remains one-tiered 
with the cells having the same destinations but is given a new designation 
(that of q), while the original basal cell has become divided into two tiers of 
one cell each and each tier has acquired new destinations. That is, the upper 
daughter cell of cb, now designated as m, gives rise to the hypocotyledonary 
region {phy, icc), while the lower daughter cell, now designated as ci, gives rise 
to all of the root {iec, co) and the suspensor {s). 

At the third cell generation the proembryo consists of eight cells disposed in 
four tiers. At this time the original terminal cell has become resolved into 
quadrants, but still remains one-tiered; the second one-celled tier represented 
by m has divided longitudinally and hence still remains one-tiered with the 
same destinations; but the third one-celled tier of the preceding generation has 
divided transversely to give rise to two new tiers, each of which has but one 
cell, and are now designated respectively as n and n\ There has been a di¬ 
version of destinations brought about by the transverse division of cell ci\ the 
upper daughter derivative, n, now gives rise to the initials of the root cortex, 
while lower daughter cell, n\ engenders the initials of the root cap and the 
suspensor. 

Each of the eight cells of the third generation becomes bipartitioned to give 
rise to the fourth cell generation, which thus consists of sixteen cells that are 
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arranged in five tiers: 

q *■ pco + p’oi 
m = phy -f- icc 
n *= iec 
o ^ CO 
p ^ s 

The original terminal cell has become transformed into octants (in place of 
the quadrants of the preceding generation); tier m nov/ includes four circum- 
axial cells in one tier and with the same destinations; region n remains un¬ 
changed except for the addition of a juxtaposed cell; while region n' has divided 
transversely into two new tiers of one cell each and with new destinations. The 
uf)per daughter cell of n\ now designated as Oy has acquired the specific duty 
of delimiting the initials of the root cap, while the lower daughter cell, now 
designated as />, gives rise to the suspensor alone. 

These formulae may now be brought together into a single table of re¬ 
capitulation, which describes the complete proembryonic history of Senecio 
vtdgaris at a glance: 



Recapitulatory Table for Senecio vulgaris 

{from left to right) 

III. TniRD Cell Generation 
Proembryo of eight cells disposed 

in four tiers: 

q — pco-\~pvt 
m — phy-\-icc 
n ^iec 
n'CO 

IV. Fourth Cell Generation 
Proembryo of sixteen cells disposed 

in five tiers: 

pcopvt 
pt = phy-\r icc 
n “ iec 
o^co 
p^s 

As will be described in the chapter on Types and Variations, the identical 
recapitulatory scheme as presented above applies to such species as Urtica 
pilulifera and Malva rotundifolia among dicotyledonous plants and to Muscari 
comosum among monocotyledonous plants. These three species represent three 
large and diverse families, and the scheme further demonstrates that there is 
no fundamental difference between the Dicotyledons and Monocotyledons of 
the taxonomist insofar as proembryonic development is concerned 

Law of Parsimony:- The pertinency of this law has apparently not occurred 
to SoriGES, who has formulated all of the other laws, but it is most decidedly 
applicable in the field of plant embryonomy. In fact, it may be the fundamental 


1. First Cell Generation 
Proembryo of two cells 
disposed in two tiers: 
ca^ pco-\- pvt 
cb = phy -f icc -f- i cc 4' co -f ^ 


II. Second Cell Generation 
Proembryo of four cells disposed 
in three tiers: 

pco-i-pvt 
m —phy-{’icc 
ci^iec-\-co-\-s 
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law and all the other laws are derived from it. 

As originally expounded by William of Occam (ca. 1270 to ca. 1350), and 
known as “ Occam^s Razor/' the law stated that ‘^Entia non sunt multiplicandi 
praeter necessitatem." Later the same principle was discussed at greater 
length by Sir William Hamilton, a Scottish philosopher (1788-1856) and was 
called by him the ‘^Law of Parsimony." 

A very literal translation of the “Razor" is: “Entities are not to be multi¬ 
plied beyond necessity." However, freer translations are possible and have 
been made. In so far as its application to plant embryology is concerned, this 
law may be stated thus: No more cells are produced by the embryo than are 
absolutely necessary. 

The implications of this statement are obvious to any person who has ever 
carefully followed out the development of the proembryo of almost any plant. 
Each and every cell has a reason for its existence; its origin can be demonstrated; 
its destination can be determined; and its position is invariably the same. A 
superfluous cell would seriously upset the harmonious balance of developmental 
factors present in the proembryo, and would probably lead to the death of the 
latter. 

The one flaw in the rigid application of the law is that we are not yet rea¬ 
sonably clear concerning the real role or function of the suspensor, particularly 
in those Types or Variations in which the derivatives of the basal cell, which 
usually give rise to the suspensor, contribute nothing to the construction of the 
embryo proper. In such instances the apparently superfluous cells of the 
suspensor may be disregarded. 

Law of Origin:- This fundamental law may be defined thus: In any par¬ 
ticular species, the sequences of cell formation may be established in such a 
manner that the origin of the cells may be defined in exact terms by referring 
to the one or to the other of the terms of the sequence. 

It is hardly necessary to state that embryonic cells arise by simple successive 
bipartitionings of the zygote and its derivative cells. Their theoretical process 
of generation may be simply described in homely language, since there are no 
precise scientific terms that can be employed: the first two cells are sisters and, 
at the same time, daughters of the zygote. In the second cell generation the 
cells number four, two of which are sisters and first cousins of the other two; all 
are granddaughters of the zygote. At the third cell generation there are eight 
cells, all of which are great-granddaughters of the zygote; they form two groups 
of first cousins once removed and, in each of these groups, two sisters, as in the 
preceding cell generation, are first cousins of two other sisters. 

One great difficulty is that segmentations are not necessarily synchronous 
in the proembryos of many plants; in the discussion in the preceding paragraph, 
synchronous division was taken for granted. Divisions may be more or less 
early or more or less late in the same cell generation. For example, the cells 
derived from the basal cell {cb) remain undivided during the second cell gen¬ 
eration, while those derived from the terminal cell {ca) have completed their 
segmentation. The six cells subsequently appearing in the third cell generation 
offer complex relationships, yet it is nevertheless not difficult to determine 
their relationships. In other instances, only three cells appear in the second 
cell generation: two are sisters, nieces of the third cell and granddaughters of 
the zygote; the third is the aunt of the two others and daughter of the zygote. 

To avoid the acute difficulties encountered in determining the origin and 
the parentage of the cells already present at the third cell generation, the pro¬ 
cedure may be changed: in place of taking the zygote as the point of departure, 
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one may select a cell of the youngest cell generation whose origin and parentage 
appears to have been probably determined with reference to the primordial 
embryonic cell (ca). Two practical rules may be employed: (i) at the third 
cell generation, the origin of the cells has been determined with reference to 
the primordial embryonic cell; these cells are simply daughters, granddaughters 
or great-granddaughters of this cell (ca); (2) beyond the third cell generation, 
the origin of the cells may be established by taking for the point of departure 
either one of the first two cells, one of the four elements of the proembryonic 
tetrad, one of the quadrants ordinarily differentiated at the third cell gen¬ 
eration, one of the eight octants — upper or lower — which are generally in¬ 
dividualized during the fourth cell generation, or finally one of the cells which 
serve certain specialized functions after the third cell generation and in which 
the origin from derivatives of cells nearer to the zygote may be clearly defined. 

In the first case, one may take as the point of departure either the terminal 
cell (ca) or the basal cell (cb) of the two-celled proembryo. In by far the great 
majority of the Angiosperms the zygote divides transversely at the first seg¬ 
mentation, so that as a general rule one may take such a division for granted. 
One need not proceed further in such cases where all the cells of the embryo are 
derived from the terminal cell, the basal cell remaining undivided, as in Sagina 
and Sagittaria. It is again convenient to proceed in the same manner when a 
difference in the rapidity of the segmentations begins to appear during the 
first cell generation, either in the terminal cell as in the Onagraceae or Euphor- 
biaceae or in the basal cell as in Erodium or Sherardia, 

Again, it is from the terminal cell of the two-celled proembryo that one can 
always determine the origin of the epiphysis of certain species, such as Papavfir 
rhoeaSy Geutn urbanum^ Erodium circutarium or Myosotis hispida. IrTthe first 
species the epiphysis initial is the daughter of the terminal cell; in the next two, 
it is the granddaughter, and in the fourth species it is the great-granddaughter. 

In the second case, one may proceed with one or the other of the four ele¬ 
ments of the proembryonic tetrad differentiated during the second cell gen¬ 
eration. This tetrad may theoretically be presented under four different 
aspects, to be described presently under the Law of Disposition. Generally, 
among the Angiosperms, one encounters either the so-called “T-form,’^ com¬ 
posed of two upper juxtaposed cells and two lower superposed cells, or the 
‘‘linear-form,” consisting of a row of four cells. In the “T-form” the two upper 
elements, which are the mother cells of the two quadrants, are homodynamous 
and provide for identical lines during the entire proembryonic life; in the 
“linear-form” the four superposed elements may give different lines. Be¬ 
ginning at the top, these four cells are designated by the respective letters /, V 
m and a; the elements m and ci are called the intermediate cell and the lower 
cell, respectively, of the tetrad and are also encountered in the “T-form.” 
One may easily establish the order of these elements and, by the aid of this 
order, determine with great precision the origin of certain definitely specialized 
cells. 

The origin of the epiphysis initial has already been mentioned. It is also 
possible to determine the exact origin of the hypophysis initial from the de¬ 
rivatives of the intermediate cell, w, of the tetrad. The hypophysis is decidedly 
characteristic of the Onagrad Type. In the Onagraceae, for example, cell m is 
converted directly into the hypophysis initial; while in Mentha viridis the hypo¬ 
physis cell is the upper daughter cell of w; in Veronica arvensis it is a grand¬ 
daughter derivative of m, and in Capsella bursa-pastoris it may sometimes be a 
cell of an earlier generation. 

In the third case, one may, when considering a form derived from a 
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‘‘T-form*’ tetrad, commence the order with one of the quadrants ordinarily 
differentiated during the third cell generation. These quadrants are regularly 
arranged around the axis and are homodynamous; that is to say, they are en¬ 
dowed with the same constructive power during proembryonic life and obey 
the same rules during their process of segmentation. 

In the fourth case, one may arrive at the closest decision by consideration 
of one of the octants, which are daughters of the quadrants and appear during 
the fourth cell generation. The octants are distributed in two tiers: there are 
four upper octants and four lower octants; the four octants of a given tier are 
again homodynamous and conform to the same rules in their divisions. 

finally, in the fifth case, one may, to begin a line of descent, commence 
with a cell already individualized and itself very precisely defined, as in the 
preceding cases, by its origin, which is most often very different according to 
the species. For example, one may take the epiphysis cell or the hypophysis 
cell and indicate by what filiation, from the respective derivatives of these cells, 
the stem apex and the root apex arise. 

The law of origin is the most important of the embryogenic laws. The 
principal branch of embryogeny, embryogenesis, rests on this law. This 
branch may be defined as the science of the origin of the embryo and its com¬ 
ponent parts. 

Law of Numbers:- The number of cells produced by different cell genera¬ 
tions varies with the species and depends on the rapidity of the segmentation in 
the cells of the same generation. 

The rapidity of the segmentation of a cell is calculated in determining the 
number of elements which this cell engenders in terms of successive generations. 
The number of elements engendered conditions the rapidity of the segmenta¬ 
tion; it is the essential factor of determination. The law of numbers is identical 
with the law of rapidity and may be described in the same manner. 

This law, like the other embryogenic laws, becomes evident in fundamentally 
different characters. It permits, among others, the establishment of particu¬ 
larly instructive resemblances between certain species. 

The terminal cell of the two-celled proembryo generally segments more 
rapidly than does the basal cell and usually gives rise to all of the embryo proper. 
The basal cell usually contributes no more than the suspensor and portions of 
the root apex and divisions occur less rapidly. There are instances, however, 
in which the basal cell segments more rapidly to form an extensive structure, 
and it may also contribute a greater portion of the embryo proper. 

I. Rules of the first degree .— Three examples of this first category of rules 
are available; (a) the first corresponds to those in which the segmentation 
proceeds at an equal rate in both the terminal and the basal cells; (b) the second 
to those in which the terminal cell segments more rapidly than the basal cell; 
and (c) the third to those in which the basal cell segments more rapidly than 
the terminal cell. 

(a) In the first case, segmentation proceeds at an equal rate in both cells, so that a 
total of four elements appears in the second cell generation, eight in the third, sixteen 
in the fourth, and so on. Half of these cells at each generation are derived from the 
terminal cell and half from the basal cell. Examples of this type of segmentation occur 
in Polygonum pcrncaria^ Myosurus minimus and in those species conforming to the 
Senecio Variation, Asterad Type. 

{b) In the second case, the terminal cell segments more rapidly than does the basal 
cell. In the Onagrad Type and in the Juncus Variation thereof, for example, the dif¬ 
ference becomes evident during the second cell generation; at this stage the proembryo 
remains tricellular for a long time, presenting two upper juxtaposed cells and a lower 
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cell representing the undivided basal cell. The differences become even more pronounced 
during the succeeding stages. In Nicotiana and Euphorbia the variation in rapidity 
appears during the third cell generation: the proembryo, in lieu of being octocellular, is 
composed of only six elements, of which four originated from the terminal cell and two 
from the basal cell. Then, at the fourth cell generation, the proembryo consists of twelve 
elements instead of sixteen. 

(c) In the third case, the basal cell segments more rapidly than does the terminal cell. 
This peculiarity frequently appears in the first stages. In Capsdla bursa-pastori\, for 
example, it appears most often during the second cell generation in the tricellular em> 
bryo, in which the two lower cells arose from the basal cell and the terminal cell remains 
undivided. Again, in the following generation there is a six-cellcd proembryo consisting 
of two upper juxtaposed cells derived from the terminal cell and a row of four lower ele¬ 
ments produced by the basal cell. However, after the formation of the quadrants, these 
difTcrenccs become elTaccd: segmentation in the lower elements slackens, while the 
divisions increase in the portion derived from the terminal cell. Among other species, 
particularly in Erodinm ciculariuniy the difference in rapidity of segmentation is main¬ 
tained for a much longer time in favor of the basal cell. At the third cell generation, 
the six-celled proembryo includes two upper cells engendered by the terminal cell and 
four lower cells produced by the basal cell; at the fourth generation the proembryo has 
become twelve-celled, generally with four cells issuing from the terminal cell and eight 
derived from the basal cell. The same proportions are maintained during the succeeding 
cell generations. 

2. Rules of the second deforce.— If, instead of the first two proembr}onic 
cells, two elements of the second cell generation are considered (e.g., the two 
daughter cells of the terminal cell, at the tetrad stage), it is possible to establish 
other laws of numbers which might be called rules of the second degree. 

(a) In a “T-form” tetrad these two cells are juxtaposed, symmetrically oriented at 
the right and left of the procmbryonic axis. These represent the mother cells of tlie 
quadrants; they are homodynamous and, although independent, proceed with the 
same degree of rapidity in their .segmentations. It is possible to follow their divisions 
and enumerate very precisely the elements to which they give rise during the differ¬ 
entiation of the three histogens in their interior, particularly throughout all the Varia¬ 
tions of the Onagrad I'ypc in which the separation of the primordial cells of these three 
histogens is produced directly by tangential partitionings. P'.ach of these two cells en¬ 
genders, at exactly the same time, two quadrants in the first cell generation, four octants 
(two upper and two lower) at the second cell generation, eight elements at the third cell 
generation (of which four cells are epidermal initials and four arc subepidermally internal) 
and sixteen cells at the fourth cell generation, of wdiich eight are epidermal initials, four 
are periblem initials and four are plerome initials. 

(b) In the “linear tetrad” the two daughter cells of the terminal cell are superposed; 
they maintain, as in the preceding case, an equal rate of division until their third or 
fourth cell generation; but most often, starting from their separation, Siegmentation 
proceeds more rapidly in one than in the other and the number of cells produced by 
each is therefore very different. These two upper cells of the linear tetrad are generally 
designated by the letters I and 

When these two upper cells are segmented by vertical walls they divide almost syn¬ 
chronously until the third, sometimes even until the fourth, cell generation and produce 
an equal number of cells. 

When, of the two upper cells of the tetrad, cell I divides vertically and cell V trans¬ 
versely, a difference in the rapidity of subsequent segmentations may appear either in 
favor of I or in favor of Thus, in Samolus valerandi, I gives two juxtaposed cells in 
the first cell generation and four quadrants disposed in a horizontal plane in the second 
cell generation, then eight octants in the third generation, and in the fourth, by tan¬ 
gential divisions of the octants, sixteen elements of which eight are epidermal initials 
and eight are subepidermal internal cells. At the same time, cell V engenders two super¬ 
posed cells during the first cell generation, four cells disposed in a “T-shape” during the 
second cell generation, six elements only during the third, of which four arc circumaxial 
and two are lower and superposed, and finally during the fourth cell generation twelve 
elements of which four are epidermal initials, four are subepidermal and internal and 
four are inferior and newly disposed in a “T-shape.” In this instance, the difference in 
rapidity of segmentation is in favor of cell /. The reverse occurs in Campanula patula. 
The subterminal cell, of the linear tetrad in this species produces more cells than does 
the upper cell, 1. 
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3. Rules of the third degree, — The third cell generation is the one to which 
rules of the third degree apply and these are considered mainly in relation to 
the epiphysis and hypophysis initials, particularly the latter. These are both 
cells which have become specialized to serve clearly determined constructive 
functions. Both ordinarily divide by transverse walls at the first segmentation 
and engender a variable number of elements to construct the epiphyseal and 
hypophyseal tissues respectively. 

The hypophysis initial of Saxifraga granulata may be taken as an example. 
This cell divides by a curved transverse wall shaped like a watch glass into two 
superposed elements which are designated by the letters ec and co; the upper 
one in general produces the initials of the root cortex while the lower one forms 
the primordium of the root cap. In the first cell generation ec engenders two 
cells oriented one under the other; at the second generation four cells in two 
dyads with one superior and the other inferior; and at the third generation 
eight elements in two tiers of four circumaxial cells. During this period, the 
element co gives, at the first generation, two juxtaposed cells; four circumaxial 
cells at the second generation; and at the third generation these four cells re¬ 
main undivided. Segmentation proceeds more rapidly in ec than in co; the 
former produces eight cells, the latter four. 

Law of Disposition:- In the course of normal embryonic development, the 
cells are constituted by divisions in clearly determined directions and appear 
to occupy positions in accordance with the role which they must play. 

The laws thus far considered concern the relation of cells to time^ while the 
law of disposition permits the definition of their relations to space. All of the 
elements which contribute to the construction of the embryo might be con¬ 
sidered as the stones of which an edifice is built and with the aid of the language 
of geometry and architecture they may be used to determine clearly the form 
of these elements and to give the clue to their mode of groupment. 

All the dispositions which might be envisaged are fundamentally governed 
by the axial symmetry which is presented, in a general manner among the 
higher plants, by the zygote and by the proembryo derived therefrom. The 
primordial embryonal cell possesses, in effect, by reason both of its external 
form and by its internal organization, a very distinct polarity and an axis of 
symmetry which will also be the axis of growth of the plant. At its upper 
germinative and cauline pole, negative geotropism is ei^ibited; at its lower 
vegetative and radicular pole, positive geotropism finds its point of application. 

The direction of the walls of segmentation may be defined by taking ac¬ 
count of their axial symmetry and by referring to the geometric figures which 
obey this symmetry. Cells separated by walls are thus similar to geometric 
solids; they possess the same faces, edges and angles which allows the precise 
statement of their forms and the comprehension of their mode of assemblage. 
A proembryonic stage may be unicellular or pluricellular; in a pluricellular 
stage, the elements of which it is composed offer diverse modes of juxtaposition 
which the law of disposition endeavors to describe. This branch of embryology 
which seeks to establish the laws governing the groupmg of cells, the relations 
which they offer to each other in space, which are applied to describe all the 
architectural dispositions of the embryonic body, constitutes embryotectonics. 

We may now proceed to discuss the application of the law of disposition 
during the course of the first four cell generations. In order to do so, the 
number of tiers constituted in terms of these four stages and the cellular com-* 
position of each stage is determined; otherwise, the distribution of the cells in 
the vertical sense, according to the axis of symmetry, and in the horizontal 
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sense, in the different planes perpendicular to the axis. 

At the first cell generation the proembryo presents two cells; the wall of 
segmentation is longitudinal, more or less oblique, or transverse, and the two 
cells do not present more than three dispositions: they are juxtaposed, more or 
less inclined one on the other, or superposed; and their form is more or less 
hemispherical. The first disposition is definitely known for one species, 
Balanophora dioicay and may be formed in certain species in which oblique 
walls so closely approach the vertical that they may be described as such (as 
in the Scabiosa Variation, Piperad Type). The third di.sposition occurs most 
commonly. 

At the second cell generation, four dispositions arc possible for the pro- 
embryonic tetrad derived from a bicellular proembryo composed of two super¬ 
posed elements. In the first case, which is also the simplest one, it depends on 
the theoretical direction of the kinetic centers: the four cells are disposed in a 
tetrahedron, the directions of the divisions having been established according 
to two straight lines perpendicular to the preceding division and perpendicular 
among themselves, one parallel and the other perpendicular to the plane of the 
figure. In the second case the directions of the divisions are again perpendicu¬ 
lar to the direction of the preceding division, but parallel among themselves, 
and the four new cells are disposed as before in two tiers of two elements each 
but in the same vertical plane. In the third case, one of the divisions is effected 
perpendicularly to the preceding division, the other parallel {i.e.y transversely) ; 
there is thus constituted two upper juxtaposed cells and two lower superposed 
cells — the tetrad presents three tiers, the so-called ‘‘T-shaped^^ tetrad. In 
the fourth case, the directions of the two divisions are parallel to the preceding 
one, oriented transversely, and the four elements thus engendered are super¬ 
posed; there are four unicellular tiers; the tetrad thus has been described as 
*‘linear.^^ 

All these four dispositions have been observed among the Angiosperms; the 
last two are far more common than the first two. The “T-shaped’’ tetrad has 
been observed among almost all monocotyledons and often among dicotyledons; 
the “linear” tetrad thus far is known defi[nitely among dicotyledons only. A 
reverse “T-shaped” tetrad, that is i, composed of two upper superposed cells 
and two lower juxtaposed cells, has sometimes been produced by certain di¬ 
cotyledonous genera [Sedum, Chelidonium)y but it is capable of diverse inter¬ 
pretations and is of no particular significance. The first two dispositions occur 
normally among the Pteridophyta. 

In the first two t3q)es of tetrads described above, the directions of the mitoses 
are clearly perpendicular to those that preceded them. In the first case, the 
walls are disposed vertically, parallel to the plane of the figure in the two upper 
elements and perpendicularly to the same plane in the two lower segments; in 
the second case, all the new walls are likewise vertical, but included in the plane 
of the figure. It results in two similar morulae, composed of eight elements 
corresponding to true octants. When a tetrad of either of these two types 
occurs among the Angiosperms, the vertical walls which are directed toward 
the lower radicular pole never exactly reach this pole; there is always a single 
lower ceU and the axial symmetry is altered for the moment; the directions of 
the subsequent walls app)ear variable and the cells assume less regular dis¬ 
positions. These processes of segmentation result in the construction of forms 
of geometrically spiral or irregular types and in this case it is diJSicult to invoke 
the law of disposition since the mode of assemblage offers neither constancy 
nor symmetry. The same remarks apply when, after the formation of a 
“T-shaped” or “linear” tetrad, the succeeding walls become inclined in all 
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directions and the internal symmetry disappears. 

Nevertheless, among the Angiosperms, there are usually developed from 
the derivatives of the “T-shaped** and “linear** tetrads forms attached to the 
geometric types called orthoradial, parallel or mixed, among which it is pos¬ 
sible to distinguish a division in superposed tiers and an internal symmetry in 
the grouping of the constituent cells. In the case of the “T-shaped** tetrad, 
the eight cells generally engendered during the third cell generation may assume 
one of three dispositions. To these dispositions there may be attached a fre¬ 
quent modification {Erodium, Geum) resulting from the oblique direction of the 
upper wall, which is succeeded by two other walls perpendicular between 
themselves and perpendicular to the preceding wall; this gives rise to a tetra¬ 
hedral grouping of the four new elements, which in the three other groupings 
are disposed regularly around the axis in a horizontal plane. These elements 
are described as quadrants, but they are not the true quadrants of the terminal 
cell and not those of the primordial embryonic cell as in the Pteridophyta. 
The four other cells of the eight-celled proembryo are disposed sometimes in 
three tiers or in a T-shape, sometimes in four unicellular tiers, or sometimes in 
two bicellular tiers. In the case of the “linear** tetrad the eight cells may pre¬ 
sent five dispositions. The four upper cells, corresponding to the quadrants, 
are always disposed in a vertical plane, of two tiers of two quadrants in the 
first two types; in three tiers, of which one is bicellular and the others unicellu¬ 
lar, in the next two types; and in four unicellular tiers in the fifth type. The 
four lower cells are disposed in three tiers or in a T-shape in the first type and 
in four unicellular tiers in all the others. When a difference in the rapidity of 
the segmentations appears in the tetrad, sometimes in favor of the two upper 
cells or sometimes in favor of the two lower ones, hexacellular forms arise which 
may affect diverse dispositions. Three such forms occur most frequently: the 
first two are in the form of a “T-shaped** tetrad, the third in that of a “linear ** 
tetrad. In the first and third of these types there are two lower cells which 
have remained undivided, while the two upper cells engender quadrants; in the 
second type the two upper cells have, on the contrary, remained undivided while 
the four elements constituted by the derivatives of the two lower cells are dis¬ 
posed in three tiers, of which one is bicellular and the others are unicellular. 
Among certain species, such as those belonging to the tribe Chelidoneae of the 
Fapaveraceae, the hexacellular proembryo may assume any one of eight dif¬ 
ferent dispositions; of these four are derived from a reversed “T-shaped** 
tetrad and the other four from a linear tetrad; between the forms consisting of 
three bicellular tiers and those of six unicellular tiers, there are all sorts of 
intermediate types. 

At the fourth cell generation, numerous dispositions may be produced; 
only the principles will be discussed. 

7. When the segmentations are synchronous, the proembryo consists of 
sixteen cells. The dispositions which the proembryos assume are dependent 
upon the different types of eight-celled proembryos differentiated during the 
third cell generation. Thus, in the first type of eight-celled proembryos de¬ 
rived from a “T-shaped** tetrad, two dispositions are possible. In one, trans¬ 
verse walls divide the quadrants into two tiers of octants; in the second, the 
walls are oblique and separate eight new cells which remain sensibly in the 
same plane. The other elements are arranged in the same manner in both 
instances. It is to this second disposition that the general law is applied which 
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regulates the mode of grouping of cells among the forms which appear to as¬ 
sume the character of the most primitive Angiosperms. This law may be 
stated thus: The number of cells in a given tier is equal to the sum of the cells 
comprising all the tiers located beneath it. 

2. When a dilfference in the rapidity of segmentations occurs, either twelve- 
celled or ten-celled proembryos may appear during the fourth cell generation; 
the first includes four unicellular tiers below the octants, and the second in¬ 
cludes two similarly unicellular tiers. If the basal ceil of the two-celled pro¬ 
embryo remains wholly undivided, then the laws of development apply solely 
to the terminal cell. Four interesting modes of disposition which occur as a 
consequence may be described. 

In Sagittaria sagittaefolia the basal cell becomes differentiated into a large 
haustorial vesicle; the terminal cell alone segments and replaces the primordial 
embryonic cell in its functions. It behaves exactly as the latter ordinarily 
would in the case of forms assigned to the Myosurus and Polygonum Varia¬ 
tions; by successive bipartitionings it gives rise to a two-celled proembryo con¬ 
sisting of two superposed elements, then a T-shapedtetrad, an eight-celled 
proembryo of four tiers and finally a six teen-celled proembryo of six tiers. — In 
Sagina procumbens the basal cell is likewise converted into a haustorial vesicle 
and the terminal cell alone segments. It possesses a linear tetrad, an eight- 
celled form in five tiers, then a proembryo of sixteen cells distributed in six 
tiers. In all these forms engendered by the terminal cell, the cells are disposed 
in a manner which may be very closely compared to the mode of groupment 
of the cells, derived directly from the primordial embryonic cell, in the forms 
corresponding to the Chenopodiad Type. — In Saxifraga granulala the basal 
cell becomes swollen but does not remain undivided; it produces four to eight 
large cells which to not enter into the construction of the embryo proper. The 
latter, as in the preceding example, takes its origin directly and entirely from 
the terminal cell, which forms a '‘T-shaped^’ tetrad, then at the quadrant 
stage a six-celled proembryo in three tiers, and at the octant stage, a twelve- 
celled proembryo of five tiers. In these forms, again, when examined anew 
under the reverse of the disposition at the fourth cell generation, it will be 
found that the position of the four lower cells conforms to those which are dif¬ 
ferentiated directly, as in Euphorbia exigua^ from the derivatives of the pri¬ 
mordial embryonic cell. —■ In Androsaemum officinale the basal cell does not 
become enlarged but segments transversely several times and gives rise to the 
lower portion of the filamentous suspensor. The terminal cell alone contributes 
to the construction of the embryo proper; it engenders a “T-shaped^’ tetrad, 
then six- and twelve-celled forms analogous to those of Saxifraga granulata in 
so far as the disposition of the cells is concerned. It may be added that all 
these types of construction, considered with the basal cell ignored, assume, 
from the point of view of comparative embryology, a very particular significance 
in the sense that it permits the understanding of all transitions between the 
forms in which the terminal cell gives rise to the embryo proper {Capsellay 
Myosurus) and those in which the embryo proper takes its origin from a 
terminal cell descended in the nth degree from the original terminal cell. 

Finally, it is necessary to remark that in the multiple dispositions which 
embryonic forms may present, it is desirable to make allowance for two aspects: 
on the one side are ranged those which remain constant for a given species, 
and on the other side those which merely represent diverse manifestations of 
an interspecific polymorphism. To determine the differential specific char- 
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acters, the first group is evidently of more value than the second; the second 
group, which contributes proof of a fault in the purity of the species concerned, 
serves only to inform us, according to the extent of their variations, of the role 
played by the intrinsic factors of hybridization. 

Law of Destination:- The cells of the proembryo of a given species, when 
the development is normal, give rise to clearly determined parts, and always to 
the same j)arts, of the embryonic body. 

This law appears to admit, in the fashion of a postulate, the specificity of 
the cell, besides which it affirms that each of these has a determined role to 
play, peculiar to itself, at the moment when it becomes separate, and reveals 
the constructive potentialities which are proper to it. Among plants the cells 
are not predetermined; they are isotropes or toti-potentials and their specificity 
is not evolved in proportion as the segmentation proceeds. Besides their true, 
actuahpotentialities, they conserve a more or less considerable total of virtual 
potentialities, thanks to which they may produce other parts of the body than 
those to which they normally give rise, provided the ordinary conditions of 
development become modified. 

The law of destination is related very closely to that of disposition. It 
states, in effect, that the embryo and the plant represent a vertical edifice, 
that the fundamental regions of the body arc situated in this edifice, at dif¬ 
ferent levels corresponding to the uni- or pluricellular embryonic stages; while 
the law of disposition determines the mode of separation and the internal com¬ 
position. It suffices generally to indicate the connection of these stages with 
the fundamental regions of the embryonic body or the order of origin of these 
organs to know the destination of the cell. 

The law of destination, like the three f>receding laws, reveals the really es¬ 
sential differences in embryogenic characters; it permits the establishment of 
the constant connections which, directly compared, constitute a source of 
precise indications of specific relationships. The determination of these re¬ 
lationships, which is the object of this branch of embryology, has been desig¬ 
nated by the name embryogenergy and is in effect the science of work per¬ 
formed by the embryo, that of the constructive role of its parts and in sum 
the destination of the cells. 

The relationships of the cells and the fundamental regions of the embryonic 
body, those which have previously been defined, have been established at dif¬ 
ferent stages of development. Thus, the law of destination embraces a system 
of laws of several degrees, which allows one to arrive at more and more precise 
results and to the separation of a greater and greater number of groups of 
species. The laws of the first degree make known the destination of the two 
cells engendered at the first cell generation; the laws of the second degree the 
destination of the cells produced at the second cell generation, the laws of the 
third degree envisage the destination of the cells of the third cell generation, 
and so on. From the practical standpoint, and being given the actual state of 
our knowledge, it is scarcely possible to go beyond the third cell generation. 
No examples have been taken from among the Monocotyledons; by the lateral 
origin of their stem apices, they introduce complications in the tables of destin¬ 
ation of the elements. Only the Dicotyledons are considered, and again only 
those of such plants as possess a geometric type of orthoradial, linear or mixed 
development, thus permitting the erection of recapitulative tables which are 
clearly distinct and easy to describe. Those dicotyledonous species attached 
to a spiral or irregular geometric type are not considered; to establish the laws 
with which these are concerned it would be necessary to enter into overly long 
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discussions and to interpose interpretations which might be open to question. 

I. Laws of the first degree. — The abbreviations which will be employed 
hereafter have already been described. The laws of the first degree concern 
the two cells resulting from the first division of the zygote; namely, the terminal 
cell {ca) and the basal cell {ch). Five specific groups are known from among the 
Dicotyledons. 

The first group is defined by the formula: 

ca — pco -f- pvt 

ch phy -f icc + + ro + j 

This formula signifies that the terminal cell engenders the cotyledonary 
portion and the stem apex; that the basal cell gives rise to the hypocotyledonary 
portion, to the initials of the central cylinder of the root, to the root cap and 
to the suspensor. To this group belong such species as Senecio vulgaris, Urtica 
pilulifera, Malva rotundifolia, Muscari comosum and the tribe Potentilleae of 
the Rosaceae. Lamium and Valerianella olitoria, which have an irregular type 
of development, also belong in this group. All these species are assigned to 
the Asterad Type. 

The second group presents the following regularity at the first generation: 

ca => pco + pvt + ^phy 

cb -- hphy -f- icc iec + -f- •!* 

Here the terminal cell produces the cotyledonary portion, the stem apex 
and a portion of the hypocotyledonary axis, the second part of which is en¬ 
gendered by the basal cell. Belonging to this group are Polygonum persicaria, 
Chenopodium bonus-henricus, Salix triandra and Myosotis hispida. Some of 
these species are assigned to the Asterad Type, but most belong in the Cheno- 
podiad Type. 

The third group possesses the following formula: 

ca » pco -f- pvt -f phy icc 
cb ~ icc -f- -h ^ 

In this case the terminal cell engenders the entire hypocotyledonary portion 
together with the initials of the central cylinder of the root. All species which 
conform to this formula are assigned to the Onagrad Type. 

The fourth group is defined by the following formula: 

ca « pco 4- pvt + phy -f* icc + iec 
cb CO -j- s 

Among the species included in this group, the basal cell produces only the 
central portion of the root cap and the suspensor; all the other portions of the 
embryo take their origin from the terminal cell. Among the genera may be 
mentioned Nicotiana, Hyoscyamus, most of the species in Solanum which 
develop regularly, Petunia, Schizanthus and Papaver. Also attached to this 
group are members of the tribe Chelidoneae of the Papaveraceae, the Umbelli- 
ferae, Rubiaceae and many species of Solanum which possess irregular and 
complex embryonic forms. Practically all such forms are assigned to the 
Solanad Type. 

The fifth group may be characterized by the following formula: 

ca ■■ pco H- pvt 4- phy H- icc + iec + ^ (in part) 

cb s (in part) 

In this group the terminal cell engenders all of the embryo proper as well 
as a portion of the suspensor, while the basal cell contributes a suspensor 
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sensu stricto or only the lower portion of this suspensor which is often differ¬ 
entiated as a large haustorial vesicle. Belonging to this group are all species 
placed under the Caryophyllad Type. 

2. Laws of the second degree. —These concern the destinations of the cells 
of the second cell generation. In order to establish these, each of the five 
groups separated according to the laws of the first degree will be taken up in 
order, and, in each of these groups, progress will be to new groups based on the 
differences which are revealed by the new formulae. The laws of the third and 
fourth degree may be established in the same manner and are based on the 
divisions which go along with the laws of the second and third degrees. 

The first group consists, for the moment, of the species which all present 
at the second cell generation a “T-shaped’’ tetrad in three tiers, g, m and rf, 
whose destinations are represented in the following formula: 

q a* pco -f* pvi 
m «= phy -f- icc 
ci « iec -|- cf? -f ^ 


These formulae are the same for all species in the group; they do not allow 
the erection of subgroups. At the third cell generation the proembryo is eight- 
celled and divided into four tiers; the destinations of these layers offer the 
differences which permit the separation of Senecio vulgatis and all the other 
species which conform to the same embryonic type on one side (A) and the 
tribe Potentilleae of the Rosaceae on the other (B): 


q » pco 4- pvt ^ 

m « phy + icc I ^ 

n =a icc I 

4" ^ J 


q = pco 4" P ’01 
m « phy 4“ icc 
It « iec 4- CO 4“ -y (in part) 
n' « s (in part) 


B 


It will be observed from these formulae that the differences which cause 
the separation reside in the destinations of the two lower elements, n and 
separated at the third cell generation, at the expense of the lower cell of the 
tetrad, ci, differentiated during the second cell generation. 

In the second group, the tribe Persicarieae of the Polygonaceae and Salix 
triandra possess a “T-shaped” tetrad in three tiers at the second cell genera¬ 
tion, while Chenopodium bonus-henrictes and Myosotis hispida have a “linear” 
tetrad of four tiers. These formulae are clearly different and allow the dis¬ 
position in the same subgroup of the first two species (A), which remain united 
during the following generations; then in the second subgroup of Chefwpodium 
(B) and a third subgroup including Myosotis (C): 


q - pco pvt 4- \phy 
fn ~ iphy 4” icc 4- iec 
ci ^ CO s 


V / - -h pvl ] 

1 « pco 4“ pvt ] 

U »iphy 1 

jj - ipky \ 

j fn ^ iphy 4 “ icc 4“ iec I 

j fn me \phy -f- icc f 

ci ^ CO ^ s J 

1 ci * iec 4" 4" 5 J 


The differences between B and C reside in the destinations of the two lower 
elements m and ci of the “linear” tetrad. During the succeeding generations 
the differences between these two subgroups become accentuated and lead to 
the formation of new separations. 

In the third group, all the species possess at the second cell generation a 
“T-shaped ” tetrad in three tiers; but the destinations of these tiers are different 
and the erection of two subgroups is thus permitted: 

q pco -h pvt 4- phy + q ^ pco + pvt + phy + icc\ 

m ^ iec CO > A iec + 4- r (in part) > B 

ci » s j ci ■« s (in part) J 
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To subgroup A belong Myosurtis* minimus, Euphorbia exigua, the Ona~ 
graceae, Reseda luteola, which the law of destination does not allow to be sep¬ 
arated during the following generations; to the subgroup B are assigned Ruia 
graveolens, Capsella bursa-pastoris, and all species with a more or less elongated 
filamentous suspensor which conform to the same embryonic type (Scrophu- 
lariaceae, Mentha, Glcchoma, Plantago, Lythrum, Verbena, Tlippurus). In this 
last subgroup they constitute at the third cell generation an eight-celled pro¬ 
embryo arranged in six tiers, whose destinations offer new differences and again 
permit two divisions: 


/ »= pco -f- pvt 
V ~ phy -f- icc 
d ** iec -f* CO 
/ -f « -f «' = 5 


a 


I == pco -f- pvt 
V = phy -f icc 
d ~ iec -f- ca -f 5 (in part) 
/ « “h m' “ 5 (in part) 


b 


In division a are ranged Ruta graveolcns, l.ythrum salicaria, and Mentha 
viridis, species in which the cell d which occupies the aj)ex of the suspensor is 
converted into the hypot)hysis cell; in division b are placed those species in 
which the hypophysis cell originates from a daughter cell, granddaughter cell 
or even a later daughter cell of d, while the other descendants of d enter into 
the construction of the suspensor. However, these differences are of secondary 
value and, moreover, are subject to variation. All the species of this group are 
closely related. 

-v^The fourth group consists of those species which, at the second cell gen¬ 
eration, possess a “linear tetrad of four tiers, I, V, m and a. The law of des¬ 
tination separates these into two groups. To the first (A) belong the Solan- 
aceae] to the second (B) is assigned Papaver rhoeas: 


I =* pco -f- pvt 
/' rs phy -|- icc -f- iec ( 
w = CO -f- j (in part) 
ci = s (in part) 


I = pvt 

V ** pco -|- phy -f- icc -h iec 
w « CO 5 (in part) 
ci “ s (in part) 


B 


The first is again split up at the third cell generation. In Nicotiana, for 
example, the proembryo produced at this stage presents the same four tiers 
differentiated during the second ceil generation. In Ilyoscyamus, Atropha, 
Petunia, etc., the eight-celled proembryo engendered is separated into eight 
tiers, the two cells m and ci having been segmented transversely to give a total 
of four superposed elements; the upper daughter cell of m produces the pri- 
murdium of the root cap, co, and the three other elements form a short sus¬ 
pensor. It is true that during the fourth cell generation these differences be¬ 
tween the various species of the Solanaceae are effaced or become less and less 
important, the modifications on w’hich they depend consisting in the variable 
number of cells of which the lower portion of the suspensor is made up. This, 
after all, does not essentially change the law of destination. The differences 
appearing during the second and third cell generations conserve all their value; 
they are related to the law of numbers and give evidence of precocious dif¬ 
ferentiation . 

The fifth group consists of those species in which the basal cell of the two- 
celled proembryo does not participate in any manner in the construction of 
the embryo proper. It produces a large haustorial vesicle, sometimes the lower¬ 
most elements of the suspensor or finally sometimes all of a suspensor sensu 
stricto. It is therefore entirely unnecessary to envisage their destinations in 
the construction of the fundamental regions of the embryonic body or of the 
plant. The laws of development, in this case, are applicable to the terminal 
cell alone, which replaces the primordial embryonic cell (the zygote) in its 
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constructive functions. 

At the second cell generation in the zygote, otherwise the first division of the 
terminal cell, there is produced at the expense of this cell two superposed cells, 
cc and erf, on which the laws of destination may be based. This law leads to 
the separation of five well marked divisions. 

1 . In the first case, the destinations of the two cells, cc and erf, give the 
following formula: 


cc — pco -f- pvt + Phy + icc 
cd *= iec + + 5 


A 


Sedum acre, Saxifraga granulata and the Ilypeticaceae may be ranged in this 
division. Among all these species the destinations of the cells are the same at 
the first four cell generations; the differences which have been observed reside 
solely in the disposition, juxtaposed or superposed, of the lowermost elements 
connecting the embryo proper with the cells produced by the basal cell. 

II. In the second case, the destinations of the cells cc and cd lead to the 
following expressions: 


cc ~ pco + pvt 

cd « phy -f icc + iec -f co + 


B 


Sagina procumbens and Campanula patula respond to this formula. The 
latter becomes separated from the former at the second cell generation; it 
gives a “T-shaped’^ tetrad stage in three tiers (a), while the other gives a 
^‘linear” tetrad in four tiers (b); the destinations of the elements of these two 
tetrads are evidently different: 


cc = pco -f- pvt ^ 

ph = phy -f icc > a 

h « iec -h ^ (upper portion); 


I « pvt 
I' = pco 

m phy icc -f icc 
ci ~ c<? -f" -y 


b 


From other points of view, the differential characters between these two 
species are very numerous. 

III. In the third case, the formulae relative to the law of destination of 
the two cells cc and cd may be written as follows: 

cc = pco + pvt -f phy } 

cd ■= icc 4- icc -f CO 4- <5 (upper part) ) 

Only Samolus valerandi thus far is known to conform to this formula. 

IV. In the fourth case the formula is: 

cc pco pvt phy 4" icc ? ^ 
cd “ icc 4" CO ) 

At the moment Drosera rotundifolia is the only species which responds to 
this formula. 

V. In the fifth case, the formula of the law is thus modified; 

cc ■■ pco + pvi 4* phy 4“ icc + icc + co) ^ 
cd ^ 5 (for the greater part) ) 

Only Medicago lupuUm so far is known to belong to this final group. 




Chapter XVII 

TYPES AND VARIATIONS 


In by far the great majority of species in the Anthophyta the first wall 
formed in the zygote is transverse, but there are authentic instances of the 
more or less vertical partitioning of the zygote, as in Balanophora dioica and 
Peperomia pellucida. All cases of longitudinal segmentation of the zygote are 
assigned to the Piperad Type. 

Six principal types of embryonomy are recognized in the Anthophyta and 
each is based upon the operation of each and every one of the embryogenic 
laws discussed in the preceding chapter. Specifically, outside of the IMperad 
Type, the separation of one Type from another is based primarily on the be¬ 
havior of the terminal cell of the two-celled proembryo during the second and 
subsequent cell generations, and less directly upon the behavior of the basal 
cell but decidedly upon the fact whether this cell contributes something or 
nothing to the construction of the embryo proper. 

Description of the Types:- The six types are perhaps best described ac¬ 
cording to the following key: 

A. The zygote divides by a wall w'hich is either vertical or so obliquely oriented that it 

may be assumed to be essentially longitudinal. Piperad Type 

B. The zygote divides by a transverse wall. 

I. The terminal cell divides by a longitudinal wall during the second cell generation. 

a. The basal cell has no or only a minor part in the construction of the embryo 

proper. Onagrad Type 

b. Both basal and terminal cells contribute to the construction of the embryo 

proper. Asterad Type 

II. The terminal cell divides by a transverse wall during the second cell generation. 

a. The basal cell has no essential part in the formation of the embryo proper. 

I. The basal cell undergoes no further division and becomes a large sus^ 
pensor cell (when a suspensor of two or more cells is formed, these are 

always derivatives of the terminal cell). Caryophyllad Type 

• 2 . The basal cell usually forms a suspensor of two or more cells .Solanad Type 
• b. The basal cell contributes more or less to the construction of the embryo 
proper. Chenopodiad Type 

The majority of accounts which have been described in the literature in 
sufficient detail can be fitted into one or another of the Types. Most of the 
reports, moreover, can be fitted into the Variations which have been created 
under each of the Types. During the long course of evolution of individual 
species it is inevitable that minor but significant departures have been made 
from each of the generalized Types. The erect ion of new and additional Varia¬ 
tions is to be expected as more and more species are thoroughly investigated. 
The point which should be borne in mind is that the six Types as described are 
incontrovertibly fundamental since they are logically based upon the behavior 
of the two cells resulting from the first division of the zygote and their respec¬ 
tive contributions to the sum total of the mature embryo. There is no other 
logical interpretation of the sequence of events which culminate in a viable 
embryo. 

The major Types, together with the important Variations assigned to each, 
may now be described in detail. In the following chapter all families in which 
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sufficient work has been published will be taken up in sequence and the nature 
of the embryonomic Type or Types prevalent in each family will be described. 

I. Piperad Type 

This Type includes all known instances in which the zygote is segmented 
by a strictly longitudinal wall or by one that is so inclined to the vertical that 
it may be considered as being longitudinal in the light of subsequent behavior 
of the two daughter cells. The species assigned to this Type are relatively few 
in number and all belong to dicotyledonous families. 

It is with some misgiving that the root of the family Piperaceae is used to 
designate this Type inasmuch as the genus Piper is practically unknown em- 
bryologically. Peperomia pellucida is the species upon which the diagnosis 
of the Type rests, since the other genera {Balanophora and Scahiosa) upon 
which the Variations are based belong to families whose names for valid reasons 
can not be used. The Balanophoraceae consist principally of species which 
reproduce apomictically, while Scabiosa is the only investigated species in a 
large family (Dipsacaceae) and there is too much danger that other species in 
that family may be found not to agree embryonomically with Scahiosa. 

The Variations so far recognizable differ sharply, as is indicated by the fol¬ 
lowing descriptive key: 

Second walls vertical in each daughter cell of the two-celled proembryo. 

Second walls not curved . Piperad Type 

Second walls curved and attached at both ends to the primary longitudinal wall . . . 

. Balanophora Variation 

Second walls transverse (i.e.y perpendicular to the primary wall) in each daughter cell. 
Suspensor and cotyledons rudimentary; multiple embryos not formed. 

.Scabiosa Variation 

Suspensor greatly elongated, often tortuous; multiple proembryos often formed; coty¬ 
ledons presumably lacking. Dendrophthoe Variation 

The principal feature of embryos conforming to the Piperad Type is that 
histogens, with the general exception of epidermal initials or epidermal cells, 
arc ordinarily unrecognizable. A suspensor and cotyledons are also not formed, 
except for a rudimentary suspensor and cotyledons in Scabiosa. In Balanophora 
the reduction in the number of cells in the proembryo reaches an extreme. 

II. Onagrad Type 

The embryogeny of the family Onagraceae is the most simplified and the 
construction of the embryo is decidedly schematic. There are, of course, ex¬ 
ceptions to this rule, particularly in the genera Zauschneria and Epilobium 
and in certain Variations. The Type is based upon the embryonomy of Godetia 
amoena, Oendtheta biennis and other species, in all of which the development 
is absolutely identical. 

At the first cell generation the destination of the two cells is: 

ca s* pco -+■ pvt -h phy -f- icc 
ch a* tec -f- -p 5 

At the second cell generation the terminal cell has divided longitudinally 
and the basal cell transversely: 

q pco + pvt phy -p icc 
m “ iec -p CO 
ci *■ s 

The feature of this generation is the individualization of the middle cell (m) 
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which immediately becomes the hypophysis initial and engenders the initials 
of the root and the root cap. At the third cell generation the two upper juxta¬ 
posed cells are each segmented vertically to engender quadrants, while the 
other two cells have remained undivided. The destinations are still the same. 
At the fourth cell generation all cells have divided, more or less in the trans¬ 
verse plane: 


/ *=* pen -f- pvt 
I' =» phy -|- icc 

m =* icc -f ~ (hypophysis) 

» -h w' « 5 

The quadrants have divided transversely to produce the octant stage and 
ci has divided transversely to produce two cells {n and n') which form the short 
suspensor. The peculiarity of this generation is the form of the wall produced 
in cell m. In the Type this wall is curved and at both ends is attached to the 
transverse wall originally separating ca from ch (or, which is the same thing, 
q from m). The result is an upper daughter cell more or less lenticular in shape 
and a larger lower daughter cell with the general shape of a watch glass. The 
initials of the root originate from the former and those of the root cap from 
the latter. In certain of the Variations, as well as occasionally in certain 
species of the Onagraceae (such as EtUobus sceptrostigma), the wall in m is 
diagonal or oblique, with onl} one end attached to the original wall segmenting 
the zygote. A second diagonal wall is later produced; since a vertical wall is 
the first to be erected in the lower derivative of w, the end result is essentially 
the same in both cases. Again, as in the Lotus Variation, a hypophysis may 
be entirely lacking; or cell m may segment once or twice transversely and the 
hypophysis cell is either a daughter or a granddaughter or later derivative of 
m. In still other instances cell m or a derivative which functions as a hypo¬ 
physis cell is segmented vertically. No matter what the plane of the first 
division in the hypophysis cell, those parts of the embryo which this cell or 
initial engenders are always the same. 

Quadrants arc not always formed, as in the Catalpa and Ruta Variations, 
but eventually octants are produced which give the appearance of being ex¬ 
actly like those in the Type and which have the same destinations. 

An epiphysis is present in one Variation only, that of the Trifolium Varia¬ 
tion. This particular Variation may possibly more properly be assigned to the 
Asterad Type since the embryonomy is much like that of the two Variations 
(Geum and Erodium) in this Type which also possess an epiphysis. 

Variations:- The Variations which have been assigned to the Onagrad 
Type are best characterized by means of the following descriptive key. In this, 
as in the keys accompanying the descriptions of the other types, those char¬ 
acters most readily recognized have been chosen wherever possible. When 
the distinction between two or more Variations is necessarily based upon some¬ 
what obscure details, these have been simplified as much as possible. 

Mature embryo dicotyledonous or essentially so. 

Quadrants are regularly formed (not always in Lotus Variation). 

Epiphysis absent. 

Hypophysis present. 

End cell or cells of suspensor swollen and vesicular. 


Suspensor elongated with solitary end cell.Capsella Variation 

Suspensor consisting of one tier of eight cells.Soneiila Variation 


End cell of suspensor neither swollen nor vesicular. 

Hypophysis initial is cell m of the three-celled proembryo. 
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First division in hypophysis initial is typically curved.. . . Onagrad Type 
First division in hypophysis initial is vertical or somewhat oblique (such 
divisions may abnormally occur in the Onagrad Type). 

At third cell generation: six cells disposed in three tiers. 

. Euphorbia Variation 

At third cell generation: eight cells disposed in four tiers. 

.Myostirus Variation 

Hypophysis cell is a derivative of cell m of the three>celled proembryo. 


Hypophysis cell is the upper daughter cell of cell m ... Lythrum Variation 
Hypophysis cell is a granddaughter or later derivative of cell m. 

First division in hypophysis cell is vertical. Alyssum Variation 

First division in hypophysis cell is curved (as in Onagrad Type). 

At fourth cell generation (12 cells disposed in 6 tiers): eight are de¬ 
rived from ca and four from cb . Mentha Variation 

At fourth cell generation (12 cells disposed in 6 tiers): four cells are 

derived from ca and eight from cb . Veronica Variation 

Hypophysis absent. Lotus Variation 

Epiphysis present. Trifolium Variation 

Quadrants are not regularly formed. 


Daughter juxtaposed cells of terminal cell are both segmented transversely. 

.Catalpa Variation 

Daughter juxtaposed cells of terminal cell are segmented one transversely and the 

other longitudinally. Ruta Variation 

Mature embryo not dicotyledonous. 

Basal cell either degenerates quickly or forms a massive structure .. Lilium Variation 

Basal cell behaves otherwise. 

Basal cell becomes two-celled or two-nucleate . Heloniopsis Variation 

Basal cell contributes the initials of the root cortex and root cap. 

.Juncus Variation 

It should be noted that the Onagrad Type serves both as a Type and as a 
Variation simultaneously, as do most of the other Types. 

The Variations may now be characterized in fuller detail, but for complete 
descriptions, reference should be made to the genus concerned under the ap¬ 
propriate family in the succeeding chapter. 

Capsella Variation. — This Variation is based upon Capsella bursa- 
pastoris, one of the most comprehensively studied of plants from the embry- 
ological viewpoint. There has been considerable misinterpretation by many 
of the earlier workers, several of whom contended that the basal cell of the 
two-celled proembryo did not divide further, but who did not actually observe 
mitoses in this cell. The supreme importance of actually observing mitoses 
and the orientation of their spindles is thus vividly emphasized. 

This Variation differs from the Type in that the difference in rapidity of 
the sequence of divisions in the products of the terminal and basal cells re¬ 
spectively does not become apparent until the fourth cell generation; in the 
elongated suspensor; and in that the hypophysis is developed at the expense 
of an upper daughter derivative of cell m. 

Euphorbia Variation. — This Variation bears a very close resemblance to 
that of the Myosurus Variation. The main difference is that in the latter there 
are eight cells disposed in four tiers at the third cell generation, whereas in the 
Euphorbia Variation there are six cells disposed in three tiers. 

Myosurus Variation. — Species belonging to the family Ranunculaceae 
display a complicated type of embryogeny, whose interpretation is rendered 
doubly difficult by the presence of curved walls (as seen in transverse sections) 
during the later stages of development, yet the embryonomy is essentially like 
that of the Onagrad Type. The first division in the hypophysis cell is vertical. 

Lythrum Variation. — In Lythrum salicaria the development up to the 
octant stage corresponds to that in the Type. Cell m divides transversely; 
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the upper daughter derivative becomes the hypophysis cell, while the lower 
daughter cell together with derivatives of the basal cell form a small suspensor. 

Alyssum Variation. — Alyssum is closely related to Capsella and in general 
has the same type of embryonomy, but appears to differ at two points. The 
first divergence is that it is claimed that the basal cell of the three-celled pro¬ 
embryo does not divide further, all of the very long suspensor being derived 
from the intermediate cell {m). The suspicion immediately arises that this is 
a misinterpretation of exactly the same nature as happened in earlier accounts 
of the embryogeny of Capsella, but against this is the fact that the basal cell 
at the three-celled stage is extremely long and hence probably incapable of 
dividing. If the latter assumption is correct, then all the cells of the suspensor, 
totaling from eight to fifteen, are derived from cell m, as is the hypophysis cell. 
The second divergence is that the first division in the hypophysis cell is vertical. 
All the other histogens are delimited as in Capsella. 

Mentha Variation. — This and the following Variations are distinguished 
by the fact that the hypophysis cell is a granddaughter or even a later derivative 
of the intermediate cell, m. 

Veronica Variation. — At the fourth cell generation the Mentha and 
Veronica Variations are both characterized by having twelve cells disposed in 
six tiers, but in the Mentha Variation eight of these cells are derived from the 
terminal cell and four from the basal cell, whereas in the Veronica Variation 
four are derived from the terminal cell and eight from the basal cell (that is, an 
exact reversal of the respective derivations). 

Lotus Variation. — As with the following Variation, assignment to the 
Onagrad Type is on the basis of the longitudinal division of the terminal cell 
of the three-celled proembryo (the other two cells being derived from the basal 
cell) and the noncontribution of the basal cell to the construction of the embryo 
proper. This Variation is to the Onagrad Type what the Datura Variation is 
to the Solanad Type, The Variation is further characterized by the absence 
of a hypophysis cell. 

Trifolium Variation. — This Variation is the equivalent under the Onagrad 
Type of the Geum or Erodium Variations in the Asterad Type. All essential 
portions of the embryo are derived from the terminal cell of the two-celled 
proembryo, while the basal cell forms a short suspensor. 

Catalpa Variation. — The difference from the Onagrad Type resides in 
the mode of formation of the quadrants. There is also less constancy in the 
processes of development of the proembryonic tetrad, in the succession of 
divisions in the construction of the cotyledonary portion and in the hypophysis. 
This Variation is probably closest to the Veronica Variation. 

Ruta Variation. — The terminal cell usually divides by an oblique wall 
and subsequently behaves as in the Geum Variation, Asterad Type. When 
the terminal cell divides vertically in the typical fashion, the behavior of the 
daughter cells is peculiar: one daughter divides by a longitudinal wall and the 
other by a transverse wall. The formation of the octant stage is then brought 
about by the formation of longitudinal walls in the transversely divided de¬ 
rivatives and by transverse walls in the others. 

LUium Variation. — It is extremely dfficult to determine the precise 
assignment of the monocotyledonous genus LUium. The terminal cell of the 
two-celled proembryo segments in the longitudinal plane and it is highly prob¬ 
able that the root cap is contributed by the basal cell. Assignment of the 
genus as a Variation under the Onagrad Type is more tentative than definite. 

Edoniopsis Variation. — This Variation is to the Onagrad Type what the 
Muscari Variation is to the Asterad Type. The basal cell becomes two-celled 
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or two-nucleate and takes no part in the construction of the embryo proper, all 
of which is derived from the terminal cell. 

Juncus Variation, — The embryogeny of the Juncaceae provides character¬ 
istics comparable to those found among the Ranunculaceae (especially to 
Myosurus minimus) and among the Brassicaceae {Alyssum and Cap sella par¬ 
ticularly). The extreme precocity of the differentiation of the epidermal in¬ 
itials especially characterizes this Variation; this feature occurs in no other 
Angiosperm (except possibly in Orobanche hederaced)^ and may be considered 
as marking this Variation as the most highly evolved one under the Onagrad 
Type. Octants are not formed. 

Ill. Asterad Type 

The Asterad Type characterizes practically all investigated species in¬ 
cluded in the Asteraceae (Compositae^ sensu latu), as well as many species in 
other families. 

Briefly, the four-celled stage consists, as in the Onagrad Type, of three tiers: 
two adjoining cells derived from the terminal cell of the two-celled proembryo, 
and two superposed cells (the upper of which is designated as the middle cell, 
m), derived from the original basal cell. Each upper cell divides by a wall 
oriented perpendicularly to the first vertical wall to form the quadrant stage. 
These quadrant cells behave like the four upper octant cells of Capsella or 
Ranunculus^ in the sense that they develop into the cotyledonary region. 
The middle cell divides similarly into four quadrant cells which lie in a plane 
and later give rise to the hypocotyl and the plerome initials of the root. Through 
further divisions of the basal cell, whose sequence differs according to the 
species, a short filament of cells is formed; from these are derived the initials 
of the root periblem and the root cap as well as a presumable hypophysis in¬ 
itial. The differentiation of the histogens commences in the quadrant cells 
derived from the terminal cell by means of oblique walls. 

♦ Pr(X)f that the basal cell contributes a considerable proportion of the sum 
total of an embryo developed according to the Asterad Type has been furnished 
in a most ingenious manner.* Crepis capillaris served as the subject; the 
normal embryo develops exactly according to the Asterad Type. Pollinated 
capitula were subjected to X-ray irradiation after fertilization had occurred 
but before the zygotes had divided. The irradiation presumably induced a 
chromatid aberration (an ‘^A*' chromosome deficient for a portion of its long 
arm). Five or six days later the ovules were fixed and processed into slides. 
One embryo was obtained which had numerous division figures in which the 
chromosomes could be clearly observed. In the basal portion of the embryo 
the complements appeared normal; in the region in or near the cotyledons each 
figure contained a deficient ‘‘A'^ chromosome. The presence of the deficient 
chromosome in the upper part of the embryo is most plausibly explained by 
assuming that the chromatid deficiency was induced at the time of irradiation 
and that the terminal cell of the two-celled proembryo received the deficient 
daughter chromosome during the first zygotic mitosis while the normal chromo¬ 
some went into the basal cell. The cells derived from the terminal cell would 
then possess chromosome complements which are deficient while the derivative 
cells of the basal cell would contain only normal chromosomes. On the basis 
of this explanation of the situation, it is possible to calculate the amount of 
embryonic tissue in the sk-day embryo which was derived from the basal cell 

* Personal communication fro^i Dr. Ladlsy Husteo. (A brief abstract of his unpub¬ 
lished results appeared in: Virginia Jour. Sci. a: 184. 1941.) 
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by determining the location of the boundary between cells containing a de¬ 
ficient “ A chromosome and those containing normal “ A chromosomes. The 
result reveals that the terminal cell contributed 64 to 68% of the embryo while 
the basal cell contributed 32 to 36%. This investigation should remove all 
doubt whether the basal cell can contribute a substantial proportion of the 
body of the embryo. 

The Variations which are assigned to the Asterad Type may be character¬ 
ized as follows: 

Suspensor present. 

Mature embryo dicotyledonous. 

Epiphysis present. 

Tier n (upper daughter cell of ci) contributes to the construetioJi of the sus¬ 
pensor .Geum Variation 

Tier w docs not contribute to the construction of the suspensor. 

.Erodium Variation 

Epiphysis absent. 

Tier m gives rise to the hypocotyledonary region alone. 

Suspensor consists of one large vesicular cell and one or two additional cells. 
Tier t' forms the short upper portion of the hypocotyl, tier m the remainder 

.Polygonum Variation 

Tier m alone forms the hypocotyl in its entirety. Urtica Variation 

Suspensor consists of more than two cells, none being vesicular . 

.Lamium Variation 

Tier m gives rise to certain initials of the root as well as to all of the hypocot 3 de- 
donary region. 

Tier m gives rise to the plerome initials of the root only. 

.Asterad Type (or Senecio Variation) 

Tier tn gives rise to all of the root initials (except for root cap). 


. Ozalis Variation 

Mature embryo monocotylcdonous. 

Tier n engenders the initials of the root proper only. Muscari Variation 

Tier n engenders the root cap, coleorhiza and epiblast. Poa Variation 


Suspensor absent; basal and terminal cells contribute about equally to bulk of embryo 
.Penaea Variation 


The Variations may now be described in greater detail. 

Geum Variation. — In this Variation the peculiarity consists of the forma¬ 
tion of oblique walls in the terminal cell which eventually result in the appear¬ 
ance of an epiphysis (primordium of the stem af)ex) in the developing embryo. 
The first longitudinal wall in the terminal cell is pronouncedly oblique and one 
daughter cell {a) is placed in a higher position than the sister cell {b). The 
latter is then partitioned by a longitudinal wall and the former by an oblique 
wall which is at right angles to the wall in b. A wedge-shaped upper cell re¬ 
sults from the division in a and this is the epiphysis initial. The cells subse¬ 
quently developed from the sister of this cell and from b go into the formation 
of the upper half of the embryo and the cotyledons. In the meantime the mid¬ 
dle cell divides longitudinally and the basal cell transversely, so that there are 
four cell tiers beneath the epiphysis initial, designated q, w, n and w' re.spec- 
tively. From q arises the cotyledonary region, as was just mentioned, from m 
comes the hypocotyl; from w or a daughter cell arises a typical hypophysis 
which behaves as in Capsella, and often a portion of the suspensor, the re¬ 
mainder of which is derived from the basal cell. 

Erodium Variation. — An epiphysis initial arises in this Variation pre¬ 
cisely as in the Geum Variation and the middle cell goes into the formation of 
the hypocotyl. The upper daughter cell resulting from the transsection of the 
basal cell eventually participates in the formation of the embryo but the hy¬ 
pophysis does not develop in the customary manner. The other daughter cell 
of the basal cell develops into a massive suspensor composed of several rows of 
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cells. The main difference between the Erodium and Geum Variations is that 
region n does not contribute to the suspensor in the former. 

Polygonum Variation. — Several different genera in the Polygonaceae 
exhibit a modified Asterad Type embryogeny. A four-celled stage is com¬ 
posed of two adjoining sister cells derived from the terminal cell, a middle oell 
and a basal cell derived from the original basal cell of the two-celled proembryo. 
The middle cell participates in the formation of the hypocotyl while the basal 
cell contributes the hypophysis. The octant stage occurs next; the upper tier 
of four cells develops into the cotyledonary region, and the lower four-celled 
tier forms the upper part of the hypocotyl. Two longitudinal walls are formed 
at right angles to each other in the middle cell; these cells divide further and 
produce the periblem initials of the root tip as well as the lower portion of the 
hyj)ocotyl. The daughter cells derived from the basal cell which adjoin the 
derivatives of the middle cell produce the hypophysis; the other daughter cells 
develop a suspensor of variable dimensions. 

Uriica Variation. — Urtica pilulifera follows the Asterad Type only in 
that both cells of the two-celled proembryo contribute to the sum total of the 
embryo. The earlier stages of development up to the quadrant stage agree 
with those species that follow the Asterad Type rigidly, but thereafter the 
sequence of divisions follows another pattern. Octant cells are not formed; 
instead, in each quadrant cell a diagonal wall is formed in such a manner that it 
extends from near where the internal walls meet at the bases to the center of 
the external wall, the resulting daughter cells thus appearing wedge-shaped in 
longitudinal section. Derivatives of these cells contribute only the cotyle¬ 
donary region of the mature embryo; all the remainder of the latter is de¬ 
veloped from the middle and basal cells. The middle cell contributes the 
hypocotyl and the plerome initials of the root tip. The initials of the root 
cortex, the root cap and the short suspensor are all derived from the basal cell. 

Lamium Variation. — The embryogeny of Lamium purpureum greatly 
resembles that of Urtica pilulifera. The much elongated zygote is divided 
by a transversely oblique wall; from the terminal cell a quadrant group is de¬ 
veloped as in V. pilulifera and this group also divides further in the same way 
by means of oblique walls. The middle cell becomes transformed into a quad¬ 
rant by the formation of two longitudinal walls oriented at right angles to each 
other. These cells, together with the upper daughter cell originating from 
the transverse division of the basal cell, go into the formation of the hypocotyl. 

Oxcdis Variation. — The differences which separate this Variation from 
the Asterad Type reside in the origin and mode of individualization of the 
initials of the root cortex, as well as, and in consequence thereof, in the de¬ 
limitation of the regions w, n and o of the sixteen-celled proembryo. That is, 
in the Type tier m gives rise only to the plerome initials of the root, whereas 
in the Oxalis Variation tier m gives rise to all of the root initials except for 
those of the root cap. 

Muscari and Poa Variations. — These are the only Variations assigned to 
the Asterad Type in which the mature embryos are monocotyledonous. The 
first three cell generations are much alike, but differences become pronounced 
during the third generation. In both Variations the derivatives of the terminal 
cell give rise only to the cotyledon (or including associated structures), but the 
derivatives of the basal cell (m, n and n^) do not have the same destinations. In 
the Muscari Variation tier m gives rise to the hypocotyledonary region and 
stem apex; in the Poa Variation, this region, in addition to these two structures, 
also engenders the lower lip of the coleoptile, the initials of the central cylinder 
and the root cortex. The last two structures are provided by tier n in the Mus- 
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cari Variation; in the other Variation this tier engenders the root cap, coleo- 
rhiza and epiblast. Tier o furnishes the root cap in the Muscari Variation but in 
the Poa Variation it combines with tier p to develop that part corresponding to 
a suspensor but generally called the hypoblast. 

• Penaea Variation, — All the products of both basal and terminal cells go 
into the construction of the embryo. There is no suspensor. 

IV • Solanad Type 

• The Solanad Type is based upon a generalized scheme involving the de¬ 
velopment of a linear proembryonic tetrad. At the first cell generation the 
destinations of the two cells proves that the basal cell has no function in the 
organization of the embryo proper: 

ca * pco -f pvt + phy + icc -f* i^c 
ch ^ CO s 

There is a division of destinations at the second cell generation: 

I =“ pco -f- pvt 
V — phy -f icc -f iec 
m == CO s (in part) 
ci » s (in part) 

The third cell generation typically includes six cells disposed in four tiers, 
or more commonly eight cells in either five, six, or eight tiers, with the destina¬ 
tion of each tier remaining the same as in the second cell generation. 

Variations:- The Variations assigned to the Solanad Type may be dis¬ 
tinguished by means of the following key: 

Embryo proper terminal; linear proembryo a tetrad. 

Hypophysis initial absent (initials of root cortex derived from lowermost cells of phy). 

Suspensor short, consisting of few cells; filamentous. 

Destinations at third cell generation as in the schematic type (tier I = pco -f- pvt). 
Proembryo normally consisting of eight cells (rarely six) at the third cell gen¬ 
eration. 

Cells arranged in five tiers. Hyoscyamus Variation 

Cells arranged in six tiers. Nicotiana Variation 

Cells arranged in eight tiers. Physalis I Variation 

Procmbryo consisting of a variable number of cells at the third cell generation 

.Datura Variation 

Destinations at third cell generation otherwise than in the schematic type. 

Tier / *= pvt . Papaver Variation 

Tier / » + pvt -f- phy . Physalis 11 Variation 

Tier I pco -j- pvt -V phy 'V icc iec . Physalis HI Variation 

Suspensor elongated, cells variously swollen and becoming haustorial . 

.Sherardia Variation 

Hypophysis initial present . Linum Variation 

Embryo proper intercalary; linear proembryo becoming as much as fifteen cells long 

.Hydnora Variation 

A more complete discussion of those Variations which bear the names of 
solanaceous genera is presented under the Solanaceae in the next chapter. 
The nonsolanacepus genera are discussed below. 

Papaver Variation. — This Variation closely resembles the Nicotiana 
Variation in most respects, save that at the second and succeeding cell gen¬ 
erations tier I engenders only the stem apex (through the precocious erection 
of an epiphysis). 

Sherardia Variation, — The elements I and V of the four-celled proembryo 
may divide by either horizontal or vertical walls, while m and ci always divide 
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by transverse walls. As a result, the eight-celled stage may consist of either 
six, seven or eight tiers of cells, as in many of the solanaceous genera. In 
general, tier / goes into the formation of the cotyledonary region and /' into the 
hypocotyl, while m and ci form a thick suspensor which is filamentous in the 
proximal region and composed of a number of bladder-like haustorial cells 
in the distal region. The first portion is derived from m, the other from ci. 
The cell of the suspensor adjoining the embryo proper may possibly be a pre¬ 
sumptive hypophysis and contributes to the middle ])ortion of the root cap. 

lAnum Variation. — Tier I divides by a longitudinal wall; both V and m 
may divide by either a longitudinal or a transverse wall. Tier /, in any case, 
develops into the cotyledonary region. If V divides longitudinally, it gives 
rise to the hypocotyl; if it divides transversely, then the hy[)ocotyl arises only 
from the upper daughter cell, while the lower one goes into the development 
of the suspensor. Cell rn may likewise behave differently; either m itself or a 
daughter cell becomes a typical hypoj)hysis cell. 

Hydnora Variation. — A linear proembryo of as many as fifteen cells is 
produced; the embryo proper arises from about the fifth to the ninth cells 
inclusive, having a linear suspensor below and a row of three to five cells above 
the embryonic body. The embryo proper is thus intercalary in origin. The 
mature embryo is undifferentiated. 


V. Chenopodiad Type 

The Type is based primarily on the embryonomy of Chenopodium bonus- 
henricus (Chenopodiaceae). At the first cell generation the destination of the 
two cells is: 


ca pco 4" pvt + \phy 
ch iphy -f icc 4- iec 4" 4* ^ 

It is therefore evident that the basal cell contributes a substantial portion of 
the embryo proper. At the second cell generation the proembryo consists of 
four cells arranged in four tiers, with the destinations: 

/ = pco 4“ pvt 
I' » \phy 

m =» iphy 4- icc -|- iec 
ci ** cn 4- ^ 

At the third cell generation tiers /, /' and m have divided vertically and 
cell ci transversely into n and n\ There are thus eight cells disposed in five 
tiers and the destinations are; 

/ ■■ pco 4- pvt 
V - \phy 

m *= \phy 4- icc 4” iec 
n ^ CO A- s (part) 
n' » s (part) 

In the next cell generation quadrants are produced in tiers /, V and w, while 
n and n' both are segmented transversely. The destinations of the first three 
tiers remain the same as in the third cell generation, but 

h ^ CO 

k -V o -V p s 

The Variations may be distinguished by the following key; 
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Epiphysis not present .Chenopodiad Type 

Epiphysis present 

Cell m of the tetrad divides transversely into d and / (d co;f — s (part)). 

.Polemonium Variation 

Cell m divides vertically (m — \phy -f- ice) .Myosotis Variation 

The Typ)e has already been discussed; to describe the Variations further: 

Polemonium Variation. — This embryonomic Variation is markedly similar 
to the Myosotis Variation in the structure of the six- and twelve-celled pro¬ 
embryos, by the mode of division of the element / of the tetrad and by the 
differentiation of an epiphysis. On the other hand, it ay)f)roaches the Solanad 
Type through the destination of the four elements of the jiroembryonic tetrad, 
and by the origin and mode of separation of the initials of the root cortex. In 
effect, this Variation may be considered as a transition form between the 
Chenopodiad Tyjje and the Solanad Type. 

Myosotis Variation. — The terminal cell, /, of the four-celled proembryo 
divides by an obliquely longitudinal wall into two unequal cells and subse¬ 
quently develops in the same manner as in the Geum Variation, Asterad Type, 
to form an ef)iphysis initial. The other cells which have arisen from / form the 
cotyledonary regions while V and m behave as in Chenopodium honus-henricus 
to produce the hypocotyl. From ci are derived two daughter cells, of which 
the upper functions as a typical hypophysis and the other develops the root 
cap and the periblem initials of the root tip. The lower of the two daughter 
cells of ci develops into a short suspensor. 

At the second cell generation, the destinations of the tetrad elements 
differ from the corresponding ones in C. honus-henrictis: 

I « pco -f" pvt 
/' * \phy 
in = hphy -|- icc 
ci = iec •+■ CO -f- s 

Again, at the fourth cell generation there are twelve cells disposed in five 
tiers, in contrast to the sixteen cells disposed in seven tiers found in C. honus- 
henricus: 


I = pco -f- pvt 
/' = l^phy 

m ~ hpt^y * 

n ~ icc -f- CO 
n' — s 


VI. Caryophyllad Type 

The Caryophyllad Type was originally based upon the embryonomy of 
Sagina procumbens {Caryophyllaceae), but since then it has become necessary 
to broaden the definition to include many other genera from both dicotyle¬ 
donous and monocotyledonous families. The feature characterizing most of 
the species included is the failure of the basal cell of the two-celled proembryo 
to segment; in other species it may divide once or twice. In either case the 
cell or the two cells become much enlarged. 

Variations:-* The following key serves to characterize the Variations as¬ 
signed to the Caryophyllad Type: 

Mature embryo dicotyledonous. 

Epiphysis present. 

Hypophyseal region absent. 
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Suspensor short with large end cell. Sagina Variation 

Suspensor elongated; all cells much extended. Vaccaiia Variation 

Hypophyseal region present. 


Suspensor absent (there are two large vesicular cells which soon become detached). 

.Hypecoum Variation 

Suspensor present; consisting of three vesicular cells, the lower two with free nuclei. 

.Corydalis Variation 

Epiphysis absent. 

Basal cell {cb) never or very rarely divides again. 

Hypophysis present, behaving as in the typical Onagrad I'ype . 

.Sedum Variation 

Hypophysis absent. Medicago Variation 

Basal cell forms a suspensor. 

Basal cell divides longitudinally to form two juxtaposed inflated cells. 

.Myriophyllum Variation 

' Basal cell divides transversely; daughter cells are usually again segmented. 

. Drosera Variation 

Basal cell divides quite irregularly to form a comparatively large suspensor. 


.Funxaria Variation 

Mature embryo not dicotyledonous. 

Mature embryo with one cotyledon. 

Hypocotyl hollow in upper portion. Ruppia Variation 

Hypocotyl solid throughout. 

Cotyledon derived from tiers I and I' of the proembryonic tetrad; stem apex de¬ 
rived from tier m . Sagittarla Variation 

Cotyledon and stem apex derived from tier I . Zannichellia Variation 

Mature embryo acotyledonous. Aglaonema Variation 


To discuss the Variations more fully: 

Sagina Variation, — As in the Chenopodiad Type, the terminal cell divides 
twice to form a linear row of four cells, to which are given the respective desig¬ 
nations I (the terminal daughter cell), cm (or m) and cf, in descending order. 
Of these four cells, three become divided by longitudinal walls and the fourth 
by a transverse wall; so that these divisions give the embryo the appearance 
of having five tiers (the original basal cell of the two-celled proembryo is not 
counted), namely, /, cm, n and The next divisions occur in the three 
upper layers /, V and m and are longitudinal and at right angles to the first 
vertical walls: these result in a series of three quadrants. A longitudinal wall 
is thereupon erected in n and a transverse wall in w'. The six tiers of cells thus 
produced finally give rise to the various portions of the mature embryo as 
follows: from I is developed an epiphysis initial as in Geum and MyosoHs) V 
gives rise to the cotyledons; the hypocotyl develops from m\ the initials of the 
root cap originate in «; w' divides transversely to form two cells, o and p, which 
form a kind of short suspensor to which the large original basal cell of the two- 
celled proembryo is attached. 

Vaccaria Variation, — Most species whose embryogeny follows the 
Caryophyllad Type possess only one large suspensor cell. In Vaccaria and 
Dianthus, however, the suspensor is composed of two or more often three 
equally large cells. Their exact derivation is not clear, but it might indicate 
that the original basal cell is capable of dividing once or twice. 

Hypecoum Variation, — The distinguishing characters of this Variation are 
that (i) the zygote segments obliquely into two unequal cells; (2) the basal cell 
never divides again, becoming an inflated vesicle; (j) the terminal cell divides 
diagonally into two cells, cc and ci\ {4) cd does not divide again but becomes 
inflated, though not to such an extent as cb\ (5) all of the embryo proper is de¬ 
rived from cc\ {6) the embryo proper soon becomes detached from the inflated 
cells; and (7) massive epiphyseal and hypophyseal regions are later formed. 
There is no suspensor in the strict sense. 
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C^ydalis Variation. — This Variation, insofar as the derivatives of the 
terminal cell are concerned, much resembles the H3^ecoum Variation; the 
principal difference is that a suspensor of three large vesicular cells occurs. The 
basal cell never divides again, but eventually contains a large number of free 
nuclei; the middle vesicular cell, derived from the terminal cell, also contains 
several free nuclei. 

Sedum Variation. — The basal cell of the two-celled proembryo does not 
divide again; all of the embryo proper, as well as the suspensor, is developed 
from the terminal cell. The octant embryo is developed as in the Onagrad 
Type; the origin and behavior of the hypophysis initial likewise follows that 
Type. An epiphysis region is not formed. 

Medicago Variation. — The terminal cell of the two-celled procmbryo 
divides transversely into two superposed cells, cc and cd, while the basal cell, 
chy generally remains undivided. There are many points of resemblance with 
the Sagina Variation in other respects. 

Fumaria Variation. — The terminal cell behaves almost exactly as in the 
Medicago Variation, but the basal cell divides in a rather irregular manner to 
produce a suspensor which, for a considerable period, is much larger than the 
embryo proper. 

Myriophyllum Variation, —Four species, Myriophyllum alternijoliumj 
Portulaca oleracea, Pyrola rotundifolia, Samolus valerandi, and perhaps others, 
form a closely related embryogenic group. The Variation is distinguished by 
the behavior of the middle cell (m). An epiphysis region is not formed. 

Drosera Variation. — This Variation closely resembles the Sedum Varia¬ 
tion in so far as the development of the embryo proper is concerned. The 
filamentous proembryo follows the Solanad Type in development and the dis¬ 
position of the quadrants agrees likewise, while the development of the hypo¬ 
physis region corresponds to that prevalent in the Asterad Type. There is 
thus a superposition of other Types upon the fundamental Caryophyllad Type. 

Ruppia Variation. — Early proembryonic development is typically that 
of the Sagina Variation. Later there is developed a single more or less tubular 
cotyledon and a massive cylindrical hypocotyl which is hollow in the upper 
portion. 

Sagittaria Variation. — The basal cell becomes transformed directly into 
a large vesicular cell. The terminal cell is segmented into three superposed 
cells, of which the top one is next partitioned vertically. The two upper juxta¬ 
posed cells give rise to the cotyledon; the intermediate cell engenders the upper 
portion of the hypocotyl and the ‘‘stem apex,’’ while the derivatives of the 
lower cell differentiate the lower portion of the hypocotyl, the initials of the 
cortex, the root cap and the suspensor proper. 

This Variation includes all species in the Alismataceae that have been 
investigated as well as many other monocotyledonous species. 

Zannichellia Variation. — This Variation is similar to the Sagittaria 
Variation, save that the cotyledon and stem apex are both derived from the 
uppermost cell of the linear tetrad. 


THE SOUfiGES SYSTEM OF CLASSIFICATION 

It is important that the reader bear in mind that the present book was com¬ 
pleted before the author became aware that the distinguished French embry¬ 
ologist SoutoES had formulated a classificatory scheme for the various modes 
of embryonal development. The Type-and-Variation scheme of classification 
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was devised in complete ignorance of any other scheme save the provisional one 
of ScJiNARF. If the Sources classification had been available at the beginning, 
a determined effort undoubtedly would have been made to adopt it, with minor 
changes, and considerable amplification. However, the author^s scheme was 
prepared in good faith and is being retained both on that ground and for the 
important reason that the SouioES scheme embraces only those species which 
he himself had previously investigated. It takes no account whatever of em- 
bryological studies made by others and permits little or no flexibility. 

In any event, it is necessary to outline the Soueges system and to compare 
it with that of the author. 


Basis of the Soueges System:- Four categories of embryonomic types are 
distinguished: 


Definable by the laws 
of embryunomy 


Not definable by the 
laws of embryonomy 


' i. Fundamental types 
or archetypes 

< 2. Secondary or deriva¬ 
tive types 

^3. Superposed types 
4. Irregular types 


f Adaptation by con- 
\ densation or convergence 


Consequences of 
hybridization 


For the most part, only those species conforming to the archetypes are fur¬ 
ther considered in the classificatory scheme. Two Grand Divisions, or first and 
second periods’^ respectively, arc recognized. In the First Grand Division 
or first period^’ the zygote conforms to the laws of embryonomy; in the Second 
Grand Division or second “period,'^ it is the terminal cell of the bicellular pro¬ 
embryo which is designated as conforming to the embryonomic laws and the 
basal cell is omitted from further consideration. 

The First Grand Division is subdivided into three Scries, designated as A, 
B and C, respectively. Series A is characterized by a [)roembryonic tetrad of 
the so-called ‘‘T-shape,” in which the terminal cell of the two-celled proembryo 
is segmented by a vertical wall. This type of tetrad is considered to be the most 
primitive (with this conclusion the author agrees, as is evidenced by the desig¬ 
nation of the Onagrad Type as most primitive). Series B is denoted by a “T- 
shaped’’ tetrad in which the longitudinal wall in the terminal cell is oriented 
obliquely (rather than strictly vertical as in Series A). In Series C the tetrad 
consists of four supeq)osed proembryonic units (the ‘Tinear” tetrad). Series C 
is subdivided into three groups of Subseries, depending upon the type of seg¬ 
mentation of the two upper cells of the tetrad or of their derivative cells. 

The three series in the Second Grand Division, together with the Subseries 
in Series C, are essentially similar to those in the First Grand Division, with the 
basal cell of the bicellular proembryo entirely left out of consideration (it plays 
no part whatever in the development of the embryo). 

Six Megarchtypes constitute the units of periodic classification in each of 
the two Grand Divisions. Each is defined by a simple formula, based in the 
First Grand Division on the behavior of the basal cell (cb) of the two-celled pro¬ 
embryo, and in the Second Grand Division on the behavior of cell cd, which in 
this Division is the equivalent of cell cb of the First Grand Division. The 
formulae for the Megarchtypes are as follows (for the Second Grand Division, 
substitute cd for cb ): 
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Mcgarchtype T: cb 
Megarchtype IT: ch 
Megarchtype Til: cb 
Megarchtype TV: cb 
Mcgarchtype V: cb 
Megarclitype VI; cb 


■■ pvt “f“ phy 4 " ice -j- iec -f- cc -f 5 
phy -f- icc -f icc + re + ^ 

I phy + icc 4 - icr -f CO -f 
icc -f 4 

CO -f 
.V 


The next classification is that of Groups, which are arranged according to 
the Megarchtype under each Series or Subseries. 

In his earlier investigations, it is apparent that Sori:oES laid greater empha¬ 
sis on the behavior of the terminal cell of the two-celled proembryo and its 
derivatives than on that of the basal cell and its derivative cells. The author, 
on the other hand, considered that equal importance should be attached to both 
cells, although his Types depend mainly on the sequence of events in the termi¬ 
nal cell. It will be noted from the outline of the Sou£:ges classification as given 
above that emphasis has shifted to the basal cell and its derivatives. For cer¬ 
tain embryonomic schemes this may be the logical procedure, but in many 
others it is clear that serious difficulties immediately arise. 

Critique of the Soudges System:- Any proposed system of classification, 
whatever is included in such a system, is always open to criticism. (One might 
recall that never since the time of Linnaeus have the plant taxonomists been 
able to agree on any system for the classification of plants.) The real test of a 
classification resides in its practical apiilication — its utility to others who wish 
to make use of it. Both SoufeoES^ and the author’s systems are tentative to a 
certain degree or in some respects, and they involve slightly different concepts, 
but it should be emphasized that both are based on the operation of the laws of 
embryonomy. There can be no criticism on the latter point, but in other re¬ 
spects disagreements are to be exi>ected. 

The basic requirement of the SoufecES system is an extremely high degree 
of accuracy in following out the cell-by-cell development of the proembryo of a 
particular species, together with a profound knowledge of the embryonomy of 
all other species hitherto investigated with equal carefulness. Few investiga¬ 
tors, to judge from the voluminous literature, either possess the ability to make 
confirmed, detailed studies, or have the requisite knowledge. It is difficult, 
even after prolonged study, to fit a newly investigated species into the Soueges 
classification. The author was cognizant of the difficulties, even before becom¬ 
ing acquainted with Sou£:ges’ scheme, that would confront other investigators, 
and therefore allowed somewhat wider latitude in preparing his classification. 

Theoretically, designation of a given species in the SoufeGES classification is 
on a quintuple basis, although in practice only the Group and Megarchtype are 
indicated, with the reader expected to supply the rest of the classification from 
his acquaintance with the entire scheme. This becomes confusing; it is psy¬ 
chologically impossible for most persons to retain such a detailed classification 
in mind, so that its cumbersomeness defeats its purpose. The practice in other 
biological fields, as based upon experience, has been to give easily recognized 
names to classificatory entities. It was for these practical reasons that the 
Types and Variations in the author’s scheme were given names which were 
readily recognized and each of which indicated adherence to some specific 
embryonomic entity that could be easily recalled. 

Separation of Series A and B in the First Grand Division is a debatable 
matter, Soueges attaches more significance to the oblique orientation of the 
longitudinal wall in the terminal cell of the bicellular proembryo than the facts 
appear to warrant. He includes in Series B only those species in which this 
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wall is constantly oblique and in which an epiphysis initial is immediately de¬ 
limited in the larger of the two daughter cells, but ignores those known in¬ 
stances in which the orientation of the wall may vary from the vertical to the 
oblique even though no epiphysis is developed. It is significant that no exam¬ 
ples are cited for the corresponding Series B in the Second Grand Division. In 
the First Grand Division, Series A and B should perhaps best be consolidated 
into one Series, with two Subseries, precisely as has been done with the Sub¬ 
series under Series C, since the differences are of the same degree. If this were 
done, the Subseries would be equivalent to the author^s Variations, whatever 
the Type might be. 

The main objection to the Sou£:ges system, as already indicated, is that it 
concerns only those species which he himself had investigated, but even then 
not all the species which he had previously studied are included. It is unfortu¬ 
nate, though unquestionably justifiable, that Sources distrusted embryological 
studies made by others; but the fact remains that an effort should be made 
include all published accounts in any classificatory scheme, however mediocre 
or inaccurate such investigations might be considered. 

Furthermore, since the Soir^:GES classification embraces only those species 
whose development conforms to rigid embryonomic laws, no provision is made 
for the host of species included under superposed and irregular types. One is 
left wondering what to do if such an instance were to be encountered. Nor is 
there any equivalent of the author’s Piperad Type; certainly the constant 
vertical partitioning of the zygote is as significant as the more customary trans¬ 
verse segmentation. 

SouioES appears, moreover, to believe that superposed and irregular types 
are the consequence of hybridization. It is questionable whether this is the 
case in every instance; it would first be necessary to prove that the species con¬ 
cerned actually was a hybrid. It has been postulated that two species, even if 
included in the same genus, are incapable of being successfully crossed if each 
follows a different set of embryonomic laws, the reasoning being that it was 
impossible to reconcile the differences in the laws. In the case of species whose 
embryonomy is described as being a superposition of two different sets of laws, 
it is evident that some other explanation of the presumed superposition must 
be sought. ‘‘Superposition” is fundamentally a contradiction when applied to 
embryonomic laws; it is inconceivable how two divergent sets of laws can oper¬ 
ate simultaneously within one individual proembryo. 
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SPECIAL AND COMPARATIVE EMBRYOLOGY 

Magnoliales* 

Extremely little information is available concerning the embryology of the 
Magnoliales and it all relates to the family Magnoliaceae. Nothing has been 
presented for the six remaining families: Winteraceae^ Schizandraceae, Iliman- 
tandraceae^ Lactoridaceae^ Trochode^idraceae Cercidiphyllaceae. 


Magnoliaceae The basal cell of the two-celled proembryo of Magnolia 
grandiflora divides longitudinally and the terminal cell later becomes parti¬ 
tioned by a similar wall. The two daughter cells of the terminal cell are next 
segmented by longitudinal walls perpendicular to the first vertical wall. Later 
divisions proceed slowly and are described as not being uniform in direction. 
These divisions were not followed out in detail. 

This species would appear to conform to the Onagrad Type, and possibly 
to the Myosurus Variation. The description for Magnolia virginiana agrees 
substantially with that for M, graftdiflora. 

Tricotyledonous embryos may occasionally occur in M, grandiflora) the 
three cotyledons are equidistant from one another as in the normal type with 
two cotyledons. 

Earle, T. T. 1938, Embryology of certain Ranales. Bot. Gaz. 100: 257-275. 

Mankval, W. E. 1914. The development of Magnolia and Liriodendron^ including a discus¬ 
sion of the primitivencss of the Magnoliaceae, Bot. Gaz. 57: 1-31. 


Anonales 

Nothing has been described of the embryogeny of any species included in 
either of the two families, Anonaceae and Eupomatiaceae, 

Laurales 

The Lauraceae and Monimiaceae have been investigated; the Gomor-^ 
tegaceaCf Hernandiaceae and Myristicaceae remain unstudied. 

The first division in the zygote of Sassafras variifolium may be either trans¬ 
verse or vertical. The exact longitudinal partitioning of the zygote is a rare 
phenomenon. The next stage is that of two tiers of two cells each, followed 


* Arrangement of the orders and families is according to Hutchinson’s “The Fam¬ 
ilies of Flowering Plants,” vol. 1, Dicotyledons, and vol. 2, Monocotyledons. However, 
certain families merged with others by Hutchinson, or which were described after the 
appearance of either volume, are recognized. In some instances, synonyms are cited for 
orders or families when such are in common usage. 

In all cases, generic and specific epithets employed in the original articles are used; 
when the article concerned is a very old one and important taxonomic changes were 
made in the meantime (whenever such were known to the author), the new names are 
cited in parentheses. This is emphatically not a taxonomical treatise, and no particular 
effort was made to check every name appearing in the morphological literature. This is 
a duty which belongs to the authors of original articles. 
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by one of three tiers of presumably two cells each. This sequence of events 
brings .V. variifolium into very close agreement with the Scabiosa Variation, 
Piperad Type. 

Per sea americana conforms to the Penaea Variation, Asterad Type. Cinna- 
momum camphora, however, develops differently, as there is a distinct suspensor 
present. 

C'(n, (i. V. 1928. Morphology of Sassafras in relation to pliylogeny of Angiosperms. I>ol 

(hiz. So: 149-171. 

(iiTTLiANi, A. 192S. Contrihuto all’cmbriogeniji del Cinnamamum catH/^hora. Bull. Ikit. 

Univ. Napoli 9: 33-40. 

Sc iiKOKDEk, C. A. 1943- ontogeny, floral anatomy and embryology of Pcrsca americana 

Miller, fliesis, Ibiiv. of California at Los Angeles. 

Monimiaceae'Fhc genus Siparuna is completely sterile. 

The descri{)tion of the embryogeny of Peumus boldus is confusing and the 
original figures are arranged in anything but the correct sequence. The 
terminal cell of the two-cellcd proembryo apparently divides transversely but 
may divide longitudinally according to the descrif)tion although the figures 
scarcely bear out this claim. The basal cell may divide longitudinally (which 
is unlikely, to judge from the figures), transversely or somewhat diagonally; 
most often, it appears to segment transversely to engender a row of about four 
superposed cells. Whether the basal cell contributes anything to the con¬ 
struction of the embryo proper is problematical. If the terminal cell divides 
transversely, then two obliquely vertical walls are erected in the upper daughter 
cell. Although it is highly probable that misinterpretations of the sequence of 
events were made, the figures do present certain resemblances to the Oxalis 
Variation, Asterad Type. 

Heilborn, 0 . 1931. Studies on the taxonomy, geographical distribution and cmbryolog}^ of 

the genus Siparuna Aubl. Svcn.sk Bot. Tidskr. 25: 202-228. 

Matritzon, J. 1935. Zur Kmbryologic von Peumus boldus. Arch. Botanico 11: 317 7- 

Ranale s 

All four families have been investigated. The Cabombaceae are a relatively 
new family separated from the Nymphaceae so that species properly placed in 
the first family are treated under the second one in nearly all older accounts. 

RanunculaceaeSince Myoswus minimus may be considered as the 
species whose embryonomy is most representative of the Ranunculaceae as a 
whole, it may be taken up first and described in detail. 

Myosurus. —■ In M. minimus the four-celled proembryo is erected as in the 
typical Onagrad Type; that is, it is composed of two juxtaposed cells derived 
from the terminal cell and two superposed lower cells derived from the basal 
cell (ITg. 36A). The two upper cells are next divided vertically perpendicular 
to the first wall: the daughter cells constitute the quadrant stage. The middle 
cell, which represents the hypophysis initial (/f), is divided vertically and the 
lowest cell (5) is divided transversely (Fig. 36B). In the next stage, the quad¬ 
rants are divided transversely to become octants, and the two hypophyseal 
cells are also segmented vertically to give four cells in the same plane, while 
the suspensor initials multiply in an irregular fashion to form a short sus¬ 
pensor (Fig. 36C). 

The next divisions occur in the lower group of octants (Fig. 36C). The wall 
is vertical but as its orientation can not be observed clearly in longitudinal 
sections of the proembryo, it is best described in transverse sections through 
the regions concerned (Fig. 37E-H). The outer insertion of the wall is in the 
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center of the peripheral wall of the octant cell and the other insertion is on one 
of the vertical walls separating the octant from its neighbor; the new wall is 
more or less curved (Fig. 37E). In the adjoining cell (proceeding in a clockwise 
direction) the inner insertion of the new wall in that cell is on the wall away 
from that on which the new wall was inserted in the first cell. I'hus the in- 




Fig. 36. — Myostirus minimus. Description in text. A, B X 650; C X 620; D-G X 600; 
L X 580; M, N X 560; Q“-S X 790; T, U X 830. {Redrawn from SoufeoES 1911*). 


sertions proceed until all four cells in the layer are bipart it ioned. One of the 
daughter cells (^, Fig. 37B) is more or less rectangular and four-sided in outline, 
while the other (j) is more or less triangular and three-sided. The following 
division occurs in each of the rectangular cells (2) and divides it nearly equally 

• In thesp anH in moat of the subsequent fijrures credited to SoutcES, it should be observed that when two nuclei 
(or occasionally more nuclei) are depicted within the limits of a single cell, this does not denote a binucleate condi¬ 
tion, but is merely a device to indicate that another cell (or even more cells, if more than two nuclei are shown) 
exiato below the level of the outlined ceil. 
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in the vertical plane (Fig. 37F); then similar walls are erected in each of the 
triangular cells (/), but here the resulting daughter cells are very unequal in 
size and shape (Fig. 37G). The outer daughter cell shortly after is divided by 
a tangential wall oriented perpendicularly both to the preceding wall in the tri¬ 
angular cell and to the peripheral wall. As a result of these divisions in the 
lower octants, the three histogens have been delimited: the epidermal initials, 
the periblem initials (corresponding to the stem cortex) and the plerome in¬ 
itials (equivalent to the central cylinder) (Fig. 37H). It will be noticed that 
this manner of histogen differentiation is different from the typical Onagrad 
Type procedure. In Capsella^ for instance, the epidermal initials are produced 
after the first partitioning of an octant cell, while in Myosurus it is the plerome 
which is first individualized after two successive divisions — the first division 
being in the octant cell and the second in the rectangular daughter cell. 



Fig. 37. — Myosurtts minimus (Continued). Description in text. (Redrawn from SouicES 
1911). 

It suffices to follow cell multiplication in one of the demi-octant cells arising 
from a or (f in Fig. 37E to describe completely the mode of formation of the 
cortex (Fig. 37G). The single cell which represents the periblem in one of 
these demi-octants is divided tangentially and thus gives rise to two concentric 
cortical layers. The cell of the external layer divides by a vertical radial wall, 
and that of the inner layer is divided tangentially; thus three definite cortical 
layers are produced. Of these three layers, the outermost continues to divide 
radially in the two directions, vertical and horizontal, to follow the epidermis 
in its extension; the middle layer is soon divided in the same manner; in the 
innermost layer scarcely more than a single vertical radial wall is erected, so 
that at the adult stage it consists of only four cells in each octant (Fig. 36H-K). 

The limits of the demi-octants disappear as the embryo grows and are least 
persistdfnt in the region of the central cylinder. This region develops quite 
tardily. The single cell which represents this region in each octant is divided 
transversely into two superposed cells. Transverse sections of this region 
again are more useful than those microtomed in the longitudinal plane to dem¬ 
onstrate the development. A wall perpendicular to one of the meridional walls 
separating the octants divides the plerome cell into two cells which are rec¬ 
tangular in shape. The internal cell, by a wall perpendicular to the preceding 
one, is divided into two new cells of the same form but naturally much smaller 
(Fig. 36G). The innermost of these two cells then follows the same mode of 
division as the mother cell from which it was derived; that is, in it a transverse 
wall is formed, then two vertical walls oriented perpendicularly to one another 
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(Fig. 36H, j', j" and j'"). The two external cells, however, segment dif¬ 
ferently. They first divide transversely, then tangentially, to engender two 
concentric plerome layers; the outermost of these two layers has every appear¬ 
ance of being the pericycle (Fig. 36H, j', j", 2', 2"). The further develop¬ 
ment of the central cylinder proved to be too difficult to follow in detail. 

In the upper layer of octant cells (Fig. 37A-D), each of these cells is first 
divided exactly as in the lower layer of octants (Fk;. 37B). The second wall 
occurs in the equivalent of cell 2 of the lower octants; it is also curved and 
perpendicular to the preceding wall and separates a median and an external 
cell (Fig. 37C, D). The cell neighboring the embryonic axis is soon divided 
transversely to engender two superposed cells. During this time the cell which 
is triangular in section is divided by a tangential wall parallel to the contour 
of the embryo. Two layers are thus differentiated in the upper octant region of 
the embryo: the epidermis and a subepidermal layer which furnishes the initials 
of the cortex at the summit of the stem and plays the greatest role in the forma¬ 
tion of the cotyledons. More strictly speaking, one may consider the inner cell 
as the initial of the cortex and the outer cell as the mother cell of a cotyledon. 



Recapitulatory Table for Myosurus minimus 

(from left to right) 


I. First Ckll Generation 
Proembryo of two cells disposed 
in two tiers: 

ca^ pco-\-pvt~{-phy+icc 
cb^iec-j-co-^s 

IT. Second Cell Generation 
Proembryo of four cells disposed 
in three tiers: 

q » pco-{‘pvt'^phy-\~icc 
m^iex+co 
ci^s 


III. Third Cell Generation 
Proembryo of eight cells disposed 

in four tiers: 

q«^pco-{-pvl+phy -f icc 
m^iec-\-co 
n-\-n'-\rS 

IV. Fourth Cell Generation 
Proembryo of sixteen cells disposed 

in six tiers: 

I ^pco-i-pvt 
V mm phyicc 
m^iec-\-co 
n'^o-\~P’^ s 


Each cell of the quadrant hypophyseal region is in the form of a pyramid 
with a triangular base and whose summit is directed toward the mass of the 
embryo (Fig. 36D). The first wall is oriented parallel to the base of the pyramid 
and divides the cell into two segments — an apical or internal segment (so) and 
a basal or external segment (sb) (Fig. 36L). The latter divides first by a radial 
wall which follows the external surface of the embryo in a parallel arc. This 
results in the formation of two cells of dissimilar shapes: one elongated in the 
embryonic axis and the other adjoining it at one side. The elongated cell is 
generally the one to divide next; the wall is radial but oriented perpendicular 
to the preceding one and bisects the cell about equally. Thus the basal seg¬ 
ment of the primitive quadrant at this moment is divided into three cells: one 
central and two peripheral (Fig. 36M). The apical segment (^n) behaves, in 
the following stages, like the primitive quadrant cell: it generally divides by a 
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tangential wall oriented parallel to the base. Consequently, a single cell is al¬ 
ways found at the summit of the pyramid, and this, together with those of the 
three other hypophyseal quadrants, is included among the initials of the cortex. 
Presently there is developed a massive asymmetrical hypophysis (P'jg. 36F). 

The recapitulatory table illustrating the rules of development in Myosurus 
minimus will be found on the previous page. 

The sequence of segmentations in Adonis does not follow any 
definite rules in contrast to those prevailing in Myosurus minimus. 

The terminal cell of the two-celled proembryo is smaller than the basa cell, 
rhe second division occurs in the latter and separates an upper flatteneld cell 
and a larger lower cell. The former appears distinctly to be the hypophysis 
initial. The first wall formed in the terminal cell is extremely variable in its 
orientation; in fact, it may occupy every imaginable position. It may be 
vertical as in Myosurus minimus] or, on the contrary, it may be perfectly 
horizontal or more or less diagonal. When it is oblique, the end of one wall 
may be inserted on the wall which originally separated the terminal from the 
basal cell. Oblique walls always result in daughter cells of very different forms 
and dimensions. 

The hypophysis initial divides oftenest by a wall close to the vertical, but 
at other times the wall may be either horizontal or oblique, llehavior in this 
cell is comparable to that in the terminal cell. 

The divisions in the lower daughter cell of the basal cell, which is destined 
to give rise to the suspensor proper, are still more variable in orientation but 
are generally oblique. Little importance can be attached to this portion of the 
embryo; it is of variable dimensions in the mature embryo but is rarely over 
two cells in width. 

WTien the hypophysis initial divides transversely, or more or less obliquely, 
it is the upper daughter cell which is the hypophysis proper; the lower cell later 
contributes an indefinite number of cells to the suspensor. This agrees with 
conditions in Clematis (f. infra). Again, when the terminal cell segments 
transversely, it is difficult to affirm whether the lower cell thus engendered 
gives rise to the hypophysis or whether it enters into the construction of the 
embryo proper. An examination of older embryos permits both interpreta¬ 
tions. At this stage of development there are three zones or regions in the 
proembryo: (/) an upper zone or embryo proper characterized by large cells, 
limited exteriorly by thicker membranes, and containing dense cytoplasm*and 
relatively large nuclei. Cellular multiplication is more active in this region; 
(2) a median zone or hypophyseal region composed of smaller cells that arc 
flattened and with fairly dense cytoplasm; (j) a lower zone or suspensor, 
balloon-shaped, composed of large cells less rich in cytoplasm and with large 
vacuoles and much smaller nuclei. 

The process of differentiation of the quadrants varies according to the 
position of the first wall in the terminal cell. Quadrant cells disposed in a 
horizontal plane and separated by two truly cruciate walls have never been 
observed in any species of Adonis, One of the four cells appears always so 
situated that it occupies a position at the summit of the embryo. In a general 
manner, the nucleus of the cell which offers the greatest surface of contact with 
the hypophysis cell or initial divides in a horizontal plane; while that of the 
cell nearest the summit, on the contrary, divides in a vertical plane. 

It is not possible to interpret in a simple manner all the instances of em¬ 
bryos which have passed the quadrant stage. At this time, the four cells appear 
to form a tetrahedron, one of whose faces reposes on the hypophysis cell, but 
save for the latter feature, the disposition of the walls is extremely variable. 
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It is very rare that the disposition of the octants in the typical Onagrad Type 
occurs in Adonis. The most that can be said is that there are eight cells, two 
of which are contributed by each cell of the quadrant, and more or less dis- 
posed as four upper octants and four lower octants. Each octant cell undergoes 
two successive divisions to give rise to a group of four cells; each of these, in 
turn, gives rise to still another group of four cells each without definite orienta¬ 
tion. The peripheral cells thus resulting are flattened and are disposed in a 
concentric layer of which the external cells constitute the epidermis and the 
others the first layers of the cortex. It is futile to attempt to describe with pre¬ 
cision the sequence of partitionings in the central portion of the embryo. 

The sequence of divisions in the hyi)ophysis cell is very much like that in 
Myosurus minimus. The first wall is inclined in the most diverse ])ositions, 
and the succeeding ones are very irregular. 

Clematis. — The first transverse division in the zygote of Clematis recta 
separates the cell into two unequal portions, the basal cell being the larger 
one. The second division occurs in the basal cell and is transverse; the third 
is in the terminal cell and divides it obliquely into two unequal cells. N(‘xt the 
two derivatives of the basal cell divide simultaneously in the tran.sverse plane. 
The smaller cell of the two derivatives divides obliquely by a wall oriented at 
right angles to the first wall, then a similar wall is erected in the sister cell. 
The uppermost cell of the row of four derived from the original basal cell now 
divides vertically. Hereafter, it is extremely difificult to assign a fixed rule to 
the sequence of divisions in the embryo proper. The position of the walls is 
particularly hard to determine since many of them are curved or oblique. 

Each of the four cells of the quadrant stage divides once, then each daughter 
cell divides again. The resultant four cells in each original cell of the quadrant 
are very diversely arranged; in general, one is internal and the other three are 
external. When this happens, the external cells arc undoubtedly ej)idermal 
initials. Additional walls, both transverse and vertical, are laid down in the 
interior of the developing embryo, which increases but little in size during this 
time. The young embryo at this stage is cylindrical in shape, then becomes 
pyriform just before the cotyledons begin to develop. 

The cells of the suspensor now commence to divide, generally in the vertical 
and transverse planes but also obliquely. 

The upper daughter cell of the row of four cells originally derived from the 
basal cell is the hypophysis cell. The first division, as has already been men¬ 
tioned, is vertical. Presently the region commences to divide actively and 
forms a considerable mass of cells very dfficult to distinguish from the adjoin¬ 
ing suspensor. 

Clematis jiammula is much like C. recta embryonomically but the number 
of cells in the suspensor is larger and the nuclei of the embryo portion are more 
or less smaller. C. campanijlora, C. viticella, C. integrifolia and C. vitalha also 
appear to agree with C. recta. 

Anemone. — Anenone japonica is embryonomically homologous, for the 
most part, with Myosurus minimus. 

A. dichotoma and A. pulsatilla are similar in the embryonomy, but differ 
somewhat from A. japonica. They are also little different from Clematis recta, 
at least during the earlier proembryonic stages. 

Cimicijuga. — In the two-celled proembryo of Cimicifuga racemosa the 
basal cell divides first, in the vertical plane, then the terminal cell divides by 
an oblique wall. Divisions thereafter are described as being irregular and 
comparatively slow. The cotyledons remain relatively undeveloped, appearing 
as two small knobs of tissue on the mature embryo. 
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It is not possible, from the extremely meager account, to place this species 
definitely, but theoretically it should conform to the Myosurus Variation. 

Eranthis, — Eranthis hyemalis displays an extremely irregular develop¬ 
ment of the proembryo and embryo; it follows the Myosurus Variation. The 
zygote does not divide until about a month after fertilization has occurred. 
The earlier proembryonic divisions are typically similar to those in Ranunculus \ 
a very much elongated and poorly differentiated embryo is presently formed, 
in which no histogens are clearly recognizable and even the epidermal initials 
are very tardily delimited. A single cotyledon is produced. 

Aclaca. — Aciaea alba casually appears to conform in the proembryonic 
stages to the Myosurus Variation. 

Ranunculus. — A considerable number of species in Ranunculus have been 
investigated and all conform substantially to the Myosurus Variation. There 
are minor divergencies which might warrant the erection of a separate Variation 
to accommodate the genus Ranunculus^ but it appears to be best to place all 
the species together under the Myosurus Variation for the time being. 

Ranunculus ficaria (Ficaria verna) has been the subject of numerous investi¬ 
gations. This species in certain regions has more or less lost the ability to repro¬ 
duce sexually. However, fertilization may be effected. In some localities, the 
resultant embryos disintegrate before progressing much beyond the few-celled 
proembryonic stages, but in other localities the embryos attain maturity and 
the seeds are viable. The conclusions reached by most of the earlier investi¬ 
gators are mainly speculative and based on incomplete studies. The proem¬ 
bryonic stages are very irregular. When the mature achene dehisces, the 
embryo is still in the proembryonic stage; there is no clear differentiation of 
any of the usual histogens, although there is some evidence of epidermal initial 
delimitation. Further growth of the proembryo into the embryo does not com¬ 
mence until some time after the seed commences germination. When growth 
begins anew, the embryo develops in such a manner that it has only one longi¬ 
tudinal plane of symmetry. This means that a series of longitudinal sections 
of the embryo microtomed in one plane are very different from a similar series 
sectioned at right angles to the first plane. Therefore, unless the sections are 
very carefully inspected, it is easy to arrive at false conclusions. The upper 
region of the embryo is the first to commence development. This becomes 
slightly indented at the apex, concave on one side and convex on the other, 
thus appearing somewhat kidney-shaped when observed in transverse section. 
The apical concave end of the embryo becomes still further enlarged and gives 
rise to the two lobes of the cotyledonary lamina, which at first are folded to¬ 
gether in such a manner that the tissues which subsequently become the upper 
surface of the two lobes are in contact with one another. The cotyledonary 
petiole next elongates rapidly; the petiole is grooved on the upper portion at 
maturity but is only slightly flattened or circular in transverse section through¬ 
out the greater part of its length. A second concavity at the basal end of the 
petiole represents the base of the original lateral concavity present at a younger 
stage. Certain cells with large nuclei and prominent nucleoli which early de¬ 
velop near the base of the lateral concavity mark the position where the stem 
apex subsequently arises, lateral to the cotyledon and surrounded by its 
sheathing base. Opposite the cotyledon there is developed a small hump of 
tissue, occupying the position where the second cotyledon would have arisen 
if it were actually present. Its position and mode of origin indicate that it is 
the rudiment of a second cotyledon which fails to develop. This hump, like 
the other cotyledon, is supplied with a provascular strand. As a matter of fact, 
seedlings with two cotyMons have been observed, hence the rudimentary 
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cotyledon is actually capable of normal development. 

Ficaria, — Ficaria ranunculoides has an embryo which is acotyledonous 
at maturity. The embryonomy is a combination of those of Myosurus minimus 
and Adonis autumnalis. It approaches that of Myosurus: (/) in the general 
constitution of the proembryo of three superposed cells, of which the upper 
cell gives rise to the embryo proper, the middle one to the hypophyseal group 
and the lower to the suspensor; (-^) in the general disposition of the quadrants 
in a horizontal plane, separated by two cruciate walls; (j) in the processes of 
the formation of the octants by the division in a vertical direction of the four 
nuclei of the quadrants, and (5) in the dimensions of the cells and those of the 
embryo itself. On the other hand, the following characteristics are identical 
with those of Adonis; (/) a certain freedom in the formation of the quadrants 
and octants; {2) the complete irregularity of the first divisions in the interior 
of the octants; (j) the sudden appearance of cells of the second order; {4) the 
lack of, or very tardy, differentiation of the histogens — epidermal initials, 
periblem and plerome, and (5) the development of the hypophyseal group is 
sometimes predominant, sometimes quite tardy, which gives embryos of the 
same age very different aspects. 

Aconitum. — The account of the embryonomy of Aconitum napellus is in 
such an unsatisfactory condition that no definite conclusions can be drawn. 
The basal cell of the two-celled proembryo is described as dividing vertically 
before the terminal cell segments. 

Arzt, T. 1933. tlber die Kmbryobildung von Pseudomonokotylen. Beib. Bot. Centralbl. 
50:671-696. 

Coulter, J. M. 1898. Contribution to the life-history of Ranunculus. Bot. Gaz. 25: 73-88. 
Earle, T. T, 1938. Embryology of certain Ranales. Bot. Gaz. 100: 257-275. 

Loschmgg, F. 1926. /n; Winkler, H., Baustcinc zu einer Monographic von/Vcaria. Beitr. 
Biol. Pflanzcn 14: 335-358. 

Metcalfe, C. R. 1936. An interpretation of the morphology of the single cotyledon of 
Ranunculus ficaria ba.sed on embryology and seedling anatomy. Ann. Bot. 50 : 103-120. 
Mother, D. M. 1905. The embryology of some anomalous dicotyledons. Ann. Bot. 19: 
447 - 4 ^ 3 * 

Osterwalder, A. 1898. Beitriige zur Embryologie von/Icomlww Flora 85 : 254- 

292. 

SoutcES, R. Recherches sur I’embryog^nie des Renonculac6es. Bull. Soc. Bot. France 57: 
242-250; 266-275. 1910; 58: 128-135, 144-151, 542-549, 629-636, 718-725. 1911; 

59: 23-31, 474-482, 545-550, 602-609. 1912; 60: 237-243, 283-289, 506-514, 542-549, 
615-621. 1913. 

WoLTER, H. 1933. Bausteine zu einer Monographic von Ficaria. VIII. Uber Bestaubung, 
Fruchtbildung und Keimung bei Ficaria verna Huds. Beitr. Biol. Pflanzen 21: 219-255. 


Cabombaceae Cabomba piauhiensis and Brasenia purpurea develop sim¬ 
ilarly; in the first species, a proembryo of three or four cells in linear arrange¬ 
ment is first developed. Apparently the lower two cells are derived from the 
basal cell, which contributes nothing to the construction of the embryo proper. 
A cotyledonar>^ ridge is produced in both species; it extends almost entirely 
around the periphery of the embryo. 

It does not seem to be possible to make a definite assignment of these two 
species. 

Cook, M. T* 1906. The embiyogeny of some Cuban Nymphaeaceae, Bot. Gaz. 42:376-392. 

CeratophyUaceae The first zygotic cytokinesis of Ceratophyllum stibmer- 
sum is transverse, after which vertical walls are erected in both daughter cells. 
Each daughter derived from the basal cell is next partitioned transversely. 
Thereafter there is no apparent order in the sequence of divisions and both 
basal and terminal cells appear to contribute about equally to the further 
growth of the embryo. No suspensor is developed. The cotyledonary lobes 
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arise from a common primordium, as in the Nymphaeaceae, In fact, the em- 
bryonomy of these two families displays remarkable resemblances. Assign¬ 
ment is to the Penaea Variation, Asterad Type. 

Stkasburger, 10 . 1902. Ein Hcitrag zur Kcnntnis von Ccratophyllum suhmersum und phylo- 
genetischc Erortcningen. Jahrb. Wiss. Bot. 37: 477-526. 



Fig. 38. — Castalia odorata. A. Four-celled proembryo, with remains of one synergid at 
left. B. Eight-celled proembryo. Nymphaea ^vena. C. Late proembiyo. D. Early em¬ 
bryo, with beginning of cotyledon growth at upper left. E. CotyWon well developed. F, G. 
Two different sections from the same embryo. F shows the first two leaves and the root pri¬ 
mordium (f); G shows what was described as the suspensor (5), but which appears more likely 
to be the root cap. {From Cook 1903). 

Nymphaeaceae;- Nymphaea advena and Castalia odorata are very similar 
in their embryonomy. A Cuban species, apparently identical \yith the northern 
form of N, advena, forms the basis of the most accurate account available. In 
this form, the zygote divides transversely, followed by two cruciate longi¬ 
tudinal walls in each cell to produce an eight-celled stage (Fig. 38A‘-B). This 
development permits assignment to the Penaea Variation, Asterad Type. 
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Later cell divisions are somewhat variable but the developing embryo retains 
its spherical shape (Fig. 38C~D). Presently there is an extensive growth on 
the side toward the micropyle to form a sus})ensor, and a flattening and 
broadening development on the other side. From the latter end a cotyledonary 
ridge is produced, extending almost completely around the periphery. The 
cotyledonary lobes are next develot)ed from the cotyledonary ridge (Fk;. 38F). 
There is a great deal of variation in the prominence of this dicotyledonous 
character. The cotyledonary ridge surrounds and overhangs the stem apex. 
The phenomenon has been claimed to be a monocotyledonous character, but 
this is scarcely accurate since the cotyledonary ridge is lateral in origin and 
not terminal. It merely represents the growth of cotyledonary protuberances 
almost entirely around the periphery of the ])roembryo, instead of being lo¬ 
calized at two places as is customar}^ among dicotyledonous plants, and the 
true dicotyledonous character does not become apixirent until a later stage 
in the development of the embryo arrives. 

A suspensor is absent in Nehimho hitea, but a filamentous structure may be 
formed in N. odorata and N. lotus. Nymphaca is without a suspensor but 
later devclof)S a latent suspensor-like structure. 

Castalia ampla and C. pubescens differ in their embryonomy from C. odorata. 
In the first species, a proembryo of as man}’ as six cells linearally arranged is 
first developed, but nothing is said as to which are derived from the terminal 
and which from the basal cell. The ui)per two cells are next partitioned by 
longitudinal walls, followed by similar walls in each daughter cell oriented 
perpendicular to the first wall, C. pubescens develops similarly save that the 
proembryo is usually only four cells long when the first longitudinal divisions 
occur. The cotyledonary ridge in this si)ecies extends about two-thirds of the 
way around the periphery. A reinvestigation is needed to determine the as¬ 
signment of these two si)ecies. 

CoNAKT), 11 . S. IQ05. The Waterlilies. Carnegie Inst. Wash. Publ. 4. 

Cook, M. T. igo2. Development of the embryo-sac and embryo of Castalia odorata and 

Nymphaca advena. Bull. Torrey Hot. ('lub 2g: 211-220. 

Cook, M. T. 1906. The embryogony of some Cuban Nymphaeaceac, Bot. Gaz. 42: 376-392. 
Cook, M. T. 1909. Notes on the embryology of the Nymphaeaccae. Bot. Gaz. 48: 56-Oo. 


Berberidales 

Nothing has been described of the embryogeny of the Lardizabalaceae 
Sargentadoxaceae or Menispermaceae, while that of the Berberidaceae and 
Circaeasteraceae is superficially known. 

Berberidaceae:- The embryogeny of the family is in an unsatisfactory con¬ 
dition and only general conclusions are possible. Berberis nepalensis, Caulo- 
phyllum thalictroides and Podophyllum emodi inferentially conform to the 
Myosurus Variation, Onagrad Type. 

An early investigation on Podophyllum peltatuni, Caulophyllum thalictroides 
and Jefersonia diphylla purported to show that a crescentic ridge was formed 
on the distal end of the embryo and that this then bifurcated to form the two 
cotyledons. Later researches, however, indicate that the cotyledons of C. 
thalictroides do not arise in this manner but appear as two moundlike protuber¬ 
ances occupying opposite sides of the margin of the distal end of the embryo. 
Again, other studies show that the two cotyledons of P. peltatum originate as 
two independent protuberances similarly located. A cotyledonary tube is 
then developed through intercalary growth. 
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In Mahonia aquifolium the proembryo forms a tier of six cells, of which the 
fourth and fifth cells become longitudinally segmented, followed by all except 
the lowermost cell. Subsequent stages are too crudely drawn to permit con¬ 
clusions. 

Podophyllum peltatum displays the same irregularities in the planes of the 
proembryonic divisions as occur in many of the Ranunculaceae; consequently, 
assignment is to the Myosurus Variation, Onagrad Type. A tricotyledonous 
embryo has been described. 

Ap5:t, T. 1933. Cber die Embryobildung von iNcudomonokolylen. Hcih. Hot. C’cntralbl. 
50:671-696. 

Butters, V. K. 1909. The seeds and seedlings of Caulophyllum llwliriroidrs. Minn. Hot. 
Studies 4: 11- 33. 

Clark, L. 1923. The embryogeny of Podophyllum pcJlatuiu. Minnesota Studies in 1 * 1 . Sci¬ 
ence 1923;111-126. 

JoHRi, B. M. 1935. The gametophytes of Berlnris nepalcnsis Spreng. Troc. Indian Acad. 
Sci. 1: 640-649. 

Mauritzon, J. 1936. Zur Emliryologic dcr Bcrberidacccti. Meddcl. (Jolcborgs Hot. Triidg. 

II:1-18. 

CircaeasteraceaeInformation concerning the embryonomy of Circaeaster 
agrestis is very scanty. Of the proembryonic stages, a two-celled and a five- 
celled stage are depicted. The latter consists of a linear row of cells. Assign¬ 
ment may possibly be to the Chenopodiad Type. 

JuNELL, S. 1931. Die Entwicklungsgeschichtc von Circamster agrestis . Svensk Hot. 
Tklskr. 25; 238-270. 


Aristolochiales 

The Aristolochiaceae and Nepenthaceae are terrae incognitae embr}T)logi- 
cally. 

Cjrtinaceae (Rafflesiaceae)The terminal cell of the two-celled proembryo 
of Rafflesia patma divides transversely, following which both daughter cells, as 
well as the basal cell, divide vertically. The wall in the middle cell may be 
oriented at right angles to those in the basal cell and in the upper daughter cell, 
or those in the derivatives of the terminal cell may be in nearly the same plane 
with that of the basal cell at a right angle. The basal region subsequently re¬ 
mains bicellular. Quadrants are next formed in the upper daughter cell de¬ 
rived from the terminal cell. The oldest stage depicted is that of a proembryo 
consisting of five tiers of cells, of which at least the upper two are of four cells 
each and the lowest tier (the basal or suspensor region) contains only two cells. 

Brugmansia zippelii agrees substantially with R. patma. 

Mitrastemon yamamotoi has a four-celled embryo in the mature seed. This 
consists of two superposed basal cells and two juxtaposed terminal cells. 

The evidence is so scanty that assignment of the above species is difficult; 
there are resemblances to both the Solanad and Caryophyllad Types. 

Ernst, A., and E. Schmid. 1913. Uber Bltitc und Frucht von Rafflesia. Ann. Jard. Bot* 

Buitenzorg II, 12:1-58. 

Watanabe, K. 1933. von Mitrastemon yamamotoi‘M.okino {Rafflesiaceae). I. Frlicht 

und Samen. Bot. Mag. Tokyo 47: 798-805. (In Japanese.) 

Hydnoraceae:* The embryonomy of Hydnora africana is peculiar. The 
two-celled proembryo continues transverse segmentation until a linear row of 
as many as fifteen cells is produced, but nothing is said as to the proportion 
derived from the basal and terminal cells respectively. Next longitudinal 
walls are erected beginning in about the fifth cell from the terminal end and 
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extending through the intervening cells as far as the ninth. These cells alone 
engender the embryo proper. The cells at the basal end gradually disintegrate, 
but those above the embryonic body persisted in the oldest embryos observed. 
The latter are undifferentiated. 

The disposition of this peculiar mode of embryonomy is doubtless best 
under the Solanad Type. There are certain resemblances to the Sherardia 
Variation, but the erection of a new Variation to accommodate the genus ap¬ 
pears to be justified and may be designated as the Hydnora Variation. 

Bastur, R. H. 1922. Notes on the development of the ovule, embryosac and embryo of 
Ilydnora africana Thunb. Trans. Roy. Soc. South Africa 10: 27-31. 


Piperales 

No accounts are available for the Saururaceae and Lacistemaceac. 

Piperaceae:- The zygote of Peperoma pellucida has been described and 
figured as being longitudinally divided, with subsequent vertical then trans¬ 
verse walls in each daughter cell. There is no differentiation in the embryos of 
ripe seeds. P. reflexa appears to develop similarly. These two species conform 
to the Piperad Type. 

The first wall in the zygote of Heckeria umhellata is obliquely oriented, and 
the arrangement of the walls in older embryos makes it appear certain that 
this is the general rule; assignment therefore is the same as with the two pre¬ 
ceding species. The mature embryo is an undifferentiated globular mass with 
a slight projection which may be a secondarily developed, rudimentary sus- 
pensor. The mature embryo of P. pellucida lacks a suspensor but is otherwise 
similar. 

Campbell, D. H. 1901. 7 'he embryo-sac of Ann. Bot. 15: 103-117. 

Fagerlind, F. 1940. Die Pmtwicklung des Embryosackes bei Peperomia pellucida Kunth. 
Arkiv f. Bot. 2 qA: No. 17 (15 P-)- 

Fisher, G. C. 1914. Seed development in the genus Peperomia, Bull. Torrey Bot. Club 
41:137-156. 

Johnson, D. S. 1900, On the endosperm and embryo of Peperomia pellucida. Bot. Gaz. 
30:1-11. 

Johnson, D. S. 1902. On the development of certain Piperaceae. Bot. Gaz. 34: 321-340. 

Chloranthaceae The embryonomy of Hedyosmum nutans is partially il¬ 
lustrated but not described. The proembryo develops into a linear row of ten 
to eleven cells, when the outermost cell is partitioned longitudinally. The cells 
are very much flattened. The developing embryo has a massive suspensor and 
from the figure it is clear that the basal cell contributes to the construction of 
the embryo. The cotyledons have not been formed by the time the seed is ripe. 
Assignment of this species would appear to be to the Chenopodiad Type. 

Edwards, J. C. 1920. Flower and seed of Hedyosmum nutans, Bot. Gaz. 70: 409-424. 


Rhoeadales 

Papaveraceae:- The embryonomy of Papaver rhoeas conforms to that of 
of the Papaver Variation, Solanad Type, As in the typical Solanad Type of 
development a linear tetrad is erected. The destinations at the first cell gen¬ 
eration are: 

ca ■■ pvt -f- pco + phy icc -f* iec 
ch CO + s 

At the second cell generation, however, the destinations are radically changed: 
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I •» P%t 

V *= pco 4 * phy + icc + iec 
m ^ CO s (in part) 
ci « s (in part) 

and it is therefore apparent that tier / engenders only the stem apex, which 
comes about through the precocious differentiation of an epiphysis. 

Chelidonium majus is very similar to Papaver rhoeas embryonomically. 
The basal cell does not divide more than once and the wall may be oriented in 
almost any direction. The two species agree in the formation of a linear tetrad 
(the basal cell is ignored), in the development of somewhat unusual six-, eight- 
and sixteen-cellecl proembryos; in the differentiation of an e])ii)hysis which be¬ 
comes elevated as a prominent cone at the upper end of the embryo and which 
is differentiated from cell I of the tetrad and furnishes the initials of the epi¬ 
dermis and the stem cortex at the apex of the stem; in the origin of the initials 
of the root cortex from the lowermost elements of the hyiiocotyledonary por¬ 
tion; and in the participation of the upper cell of the suspensor only in the 
construction of the central portion of the root cap. 

The table of recapitulation which will serve for Papaver rhoeas and prob¬ 
ably most of the Papaveraceac follows: 



Recapihilatory Table for Papaver 



rhoeas 


ijrom left to right) 


I. I'lKST Cell Gekkration 
Proembryo of two cells disposed 
in two tiers: 

ca = pvl-\- pro H- pJty+icc-^-icc 
cb^co-\~s 


III. Third Cell Generation 
Proembryo of eight cells disposed 
in six tiers: 

Arrangement and destinations as in 
second generation. 


II. Second Cell Generation 
Proembryo of four cells disposed 
in four tiers: 

/ « pvt 

I' ~ pco+phy-\-icC’{-iec 
pi^co-i-s (in part) 

(in part) 


IV. Fourth Cell Generation 
Proembryo of twelve cells disposed 
in six tiers: 

I ^pvt 

V pco-^-phy-^icc-k-iec 
d^co 


Although there is no description and the figures are inadequate, Sanguinaria 
canadensis probably conforms to the Solanad Type. 

SoufecES, R. 1Q26. Embryog^nie des Papav6rac6cs. Developpement du proembryon chez le 
Papaver rhoeas L. C. R. Acad. Sci. Paris 183: 902-904. 

SouicES, R. 1936. Embryog^nie des Papavirac^es, Les derniers stades du developpement de 
I’embryon chez le Papaver rhoeas L. C. R. Acad. Sci. Paris 183: 1119-1120. 

Soui:OES, R. 1936. Embryog6nie des Papaviracics. D6veloppement de I’cmbryon chez le 
Chelidonium majus L. C. R. Acad. Sci. Paris 203: 678-680. 

SouiGES, R. 1937. D6veloppement de rembryon chez le Chelidonium majus L. Ann. Sci. 
Nat., Bot. X, 19: 445-466. 

Surface, F. M. 1905. Contribution to the history of Sanguinaria canadensis, Ohio Nat. 
6: 379-3SS- 

Fmnariaceae:- Eypecoum proambens behaves in a somewhat peculiar 
fashion. The zygote divides by a markedly oblique wall. The basal cell never 





Rhoeadales 


141 — 


Fumariaceae 


divides again, but becomes a greatly swollen vesicle. The terminal cell, ca, is 
located at one side of the vesicle; strictly speaking, the wall erected following 
the first division in ca should be described as vertical, but subsequent events 
demonstrate that it is really transverse. It looks more as if it were oblique in 
most sections. Cell ca, like the zygote, is segmented into two unequal cells, cc 
and cd. The latter does not divide again but becomes inflated, though not to 
such an extent as cb. Cell cc segments transversely into ce and cf ; ce in turn 
divides transversely into eg and ch; while cf generally segments vertically, occa¬ 
sionally transversely — there is no constant order. At about this time the 
embr>^o proper becomes separated from the two inflated cells; subsequently no 
suspensor proper is formed. Cell eg later divides transversely into ci and cj ; the 
former of these two daughter cells becomes an epiphysis initial. The deriva¬ 
tives of cf presently develop into a massive hypophyseal region. The embry- 
ogeny of H. procumbens departs so radically from that of all other species that 
it can only constitute a variation, the Hypecoum Variation of the Caryophyllad 
Type. 

Fumaria officinalis is the species on which the Fumaria Variation of the 
same Type is based. The terminal cell alone develops all of the embryo proper, 
almost exactly as in Medico go lupulina (Medicago Variation, of the same T}pe). 
The basal cell, however, by means of rather irregular divisions ])roduces a huge 
suspensor which is considerably larger than the embryo proper until the latter 
is almost mature. 

Corydalis lutea^ together with (’. ochroleucOy forms still another embryo- 
nomic type. The zygote segments transversely; the basal cell does not divide 
again, but its nucleus divides first into two free nuclei, then these divide into 
four and finally there is a large number of nuclei which are mostly peripherally 
located. The terminal cell, ca, segments transversely into cc and cd. The 
latter daughter cell does not divide again, but its nucleus divides repeatedly 
and the cell becomes a second vesicle of the suspensor. Cell cc segments trans¬ 
versely into ce and cf. The latter element behaves like cell cd, but its nucleus 
remains undivided for a long time; it constitutes a third vesicle of the suspensor. 
The three vesicles elongate into a tube, surmounted by the small terminal cell. 
Eventually it divides transversely into eg and ch. Cell ch becomes partitioned 
vertically; a little later eg segments transversely into ci and cj. Cell ci eventu¬ 
ally forms an epiphyseal region, while cell ch finally develops a hypophyseal 
region. These two species of Corydalis together constitute the Corydalis Varia¬ 
tion, Caryophyllad Type. 

Corydalis cheilanthifolia, unlike the two preceding species, however, is con¬ 
sidered to adhere more closely to the Trifolium than to the Corydalis Variation. 

Guignard, L. 1903. La formation ct le d^vcloppement dc I’embryon chez Vllypccotan. 
Jour, dc Lot. 17: 33-44. 

Hkgelmaier, F. 1878. Vergleicheiide Untersuchungen tiber die Entwicklung dicotyledoncr 
Keime mit Beriicksichtigung dcr Pseudo-monokotyledonen. Stuttgart. 

SoukoES, R. 1941. Embryog^nie dcs Fumariac6es. 1 /origine du corps de l’embr}^on chez le 
Fumaria ojficinalis L. C. R. Acad. Scr. rari.s 213: 528-530. 

SoxjkcES, R. 1941. Embryogdnie des Fumariacccs. La diff^renciation des regions foiida- 
mentaies du corps chez le Fumaria ojficinalis L. G. R. Acad. Sci. Paris 213: 699-701. 
SoukGES, R. 1943. Embryog^nie des F«war/arcr.N. L’origine et les premieres divisions de la 
cellule embryonnaire proprement dit chez VHypecoum procumbens L. C. R. Acad. Sci. 
Paris 216: 310-311. 

Sources, R. 1943. limbryog^nie des FumariacCcs. La diff6renciation des regions fonda- 
mentales du corps chez VHypecoum procumbens L. C. R. Acad. Sci. Paris 216: 354-356. 
SoukoES, R. 1946. Embryog6nie dcs Fumariactes, Les premiers termes du d^vcloppcment 
de Pembryon chez le Corydalis lutea DC. C. R. Acad. Sci. Paris 222: 161-163. 

SoukoES, R. 1946. Embryog6nie des FumariacCxs. D6veloppement de Pembryon chez le 
Corydalis cheilanihifolia Hemsl. C. R. Acad. Sci. Paris 222: 523-524. 

SoukcES, R. 1946. Embryog^nie des Fumariacics. La diff6renciation dcs r6gions fonda- 
mentales du corps chez le Corydalis lutea DC. C. R. Acad. Sci. Paris 222: 699-701. 
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Loasales 

The Turneraceae have not been investigated. 

Loasaceae Loasa lateritia, on the whole, appears to agree with the Hyos- 
cyamus Variation, Solanad Type, but there are some resemblances to other 
Variations under the same Type. 

CRinlt, P. 1Q46. Kmbry()g6nie des Loasar6es. Ddvcloppement de I’embryon chez le Loasa 
lateritia Gill. C. R. Acad. Sci. Paris 222: O2o-g2i. 


Capparidales 


The Tovariaceae remain uninvestigated. 

CapparidaceaeThe proembryo of Cleome serratay C. monophylla and 
Gynandropsis pentaphylla consists of a linear row of three or four cells, while 
those of Capparis frondosa and C. galeaia consist of from seven to nine similar 
cells. All of these species appear to follow the Alyssum Variation, Onagrad 
Type, very closely. 



Pig. 39. — Polanisia trachysperma. A, Zygote. X230. B. Proembryo with peculiar sus- 
pcnsorcell. X230. Morinf^a okijera. C-E. Development of proembryo. X460. E. Young 
embryo. X460. (A, B redrawn from Mai ritzon 1935; C-F' redrawn from Puri 1941). 

The zygote and proembryo of Polanisia trachyspermay on the other hand 
have a peculiar shape. The zygote becomes very much elongated and nearly 
cylindrical in shape (Fig. 39A); then a protuberance is formed at the outer 
end and the nucleus is included within this rounded portion, while the cell 
becomes broader below the constriction and projections app)ear at each side. 
Details of the further development are meager, but it appears that the first 
transverse wall is erected in the protuberance above the constriction (Fig. 39B). 
The later embryogeny apparently also conforms to the Alyssum Variation. 

A later and more accurate investigation of Cleome chelidoniiy however, re¬ 
veals that this species follows the L3^thrum Variation, Onagrad Type, precisely. 

Adventitious embryony is very prevalent in Capparis frondosa] as many 
as twenty nucellar embryos have been found attached to the same internal 
nucellar epidermis. 

Mauritzon, J. 1935. Die Embryologie einiger Capparidaceen sowie von Tovaria pendtda* 

Arkiv f. Bot. 26A, No. 15:1-14. 
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Ragiiavan, T. S. 1937* The life-history of Cleome chclidonii Linn. fil. Jour. Linn. Soc. Lon¬ 
don, Rot. 51: 43-72. 

Rag, V. S. 1938. Studies on Capparidaceae, III. Genus Capparis. Jour. Indian Bot. Soc. 
17;69-80. 

Moringaceae > The terminal cell of the bicellular proembryo of Moringa 
oleifera is segmented vertically, but occasionally the wall may be transverse 
(Tig. 39C--E). In the former case the basal cell divides vertically. The further 
divisions are rather irregular (Fig. 39F); the developing embryo is bulbous 
with what is claimed to be a massive suspensor. The two cotyledons are gen¬ 
erally somewhat unequal in width and the larger one, although single near the 
hypocotyl, becomes bilobed downward. This tricotyledonous condition is 
apparently a case of schizocotyly. Assignment is not possible with certainty 
since there may be a misinterpretation of the nature of the suspensor. On the 
basis of the illustrations, the species might be referable to the Penaea Variation, 
Asterad Type. 

Puri, V. 1941. The life-history of Moringa oleifera Lamk. Jour. Indian Bot. Soc. 20: 263- 
284 


Cruciferales 

Brassicaceae (Cruciferae) The family is most conveniently discussed by 
separating it into the two Variations (Capsella and Alyssutn) which are recog¬ 
nized. Both are under the Onagrad Type. 

Capsella Vaviation, — This Variation is based upon Capsella bursa- 
pastorisy one of the most comprehensively studied of plants from the embry- 
ological standpoint. There has been considerable misinterpretation by many 
of the earlier workers, several of whom contended that the basal cell of the 
two-celled proembryo did not divide further, but who did not actually observe 
mitoses in this cell. The great importance of actually observing mitoses and 
the orientation of their spindles is thus vividly emphasized. 

The second division is transverse in the basal cell (Fig. 40B). The third 
divides the terminal cell longitudinally into two adjoining cells (Fig. 40C). 
In Lepidium sativum, however, the third division occurs in the middle cell {m) 
and divides it transversely. There is thus some variation as to the cell in which 
the third division occurs, but in the long run it is of little significance. In 
Lepidium the next division bisects the terminal cell in the longitudinal plane; 
then, in both Lepidium and Capsella, each of the two terminal cells is divided 
by a wall oriented perpendicularly to the wall first formed. This constitutes 
the quadrant stage (Fig. 40E). Next each of the quadrant cells is, usually 
simultaneously, bisected by a transverse wall to give rise to the octant stage 
(Fig. 40F). There are two superposed tiers of four cells each: the upper tier 
gives rise to the stem apex and cotyledons, the lower tier to the hypocotyl. 
In each cell of the octant embryo a periclinal wall cuts off an inner and an outer 
cell. Each outer cell is an epidermal initial and the inner cells shortly divide 
by longitudinal walls to engender the periblem and plerome initials (Fig. 40G). 

By the time the embryo has reached the quadrant stage, the suspensor cells 
have divided to form a row of five to seven cells in Capsella (Fig. 40F), with 
about five in Lepidium, The last cell of the suspensor rarely divides, but be¬ 
comes swollen and vesicular. While the periclinal walls are forming in the 
octant cells the number of cells in the suspensor increases to as many as ten. 

The cell at the top of the row of suspensor cells now assumes a significant 
role. To this cell Hanstein gave the name ‘‘hypophysis.’’ It is very difficult 
to determine whether this cell originated from the middle or the basal ceU of 
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the three-celled proembryo, but the probability is that it arose from the former. 
The first division in this cell does not occur until the epidermal cells of the 
embryo proper have become delimited and four to six cells are present in the 
periblem-plerome region; the wall is exactly like the form developed in the 
middle cell of the typical Onagrad Type (Tig. 40H, I). 

Presently longitudinal walls are erected in both upper and lower tiers of 
the embryo proper, together with anticlinal walls in the epidermal initials in 
both regions. Cell divisions soon become more numerous at opposite ends of 
the outer peripheral region of the upper tier and these initiate the cotyledons; 
the embryo becomes more or less cordate in longitudinal section (Fig. 40J). 
The periblem and plerome regions of the hypocolyl increase through the ad¬ 
dition of new cells, which for the most part divide transversely. The former is 
rarely over three cell rows in thickness as seen in transverse section. A peri- 
cycle becomes differentiated in the outer row of plerome cells. The epidermal, 
periblem and plerome initials of the root tip become functional but it is not 
until the embryo has become nearly mature that their contributions can be 
clearly recognized (Fig. 40K). The epidermal cells contribute the initials 
from which the root cap is developed. The stem apex is not formed until the 
embryo is nearly mature. The ovule itself is curved in a horseshoe-shape and 
the growing cotyledons conform to the space imposed by the curvature of the 
ovule (Fig. 40L). The table of recapitulation for Capsella bursa-pastoris 
follows: 



Recapitulatory Table for Capsella bursa-pastoris 

{from left to right) 


r. Firs'L’ Cell Generation 
Pr )embrA"o of two cells disposed 
in two tiers: 

ca = pco~\- pvt-\-phy"\-icc 
cb^i€C-\-co-^s 

II. Second Cell Generation 
Proembryo of four cells disposed 
in three tiers; 

qssipco-\r- pvt -\-phy‘\‘ icc 
m^iec-\rco-]rs (in part) 
ci—s (in part) 


III. Third Cell Generation 
Proembryo of eight cells disposed 

in five tiers: 

q s= pco -j- pvt "h phy -f- icc 
d^iec-^-co-^-s (in part) 

(in part) 

IV. FoirRTii Cell Generation 
Proembryo of sixteen (or fifteen) cells dis¬ 
posed in ten (or nine) tiers: 

I ^pco~]rpvt 
I'^ phy-{-icc 
p^i€c-{-co-{-s (in part) 

w4-y+y'*=5 (in part) 


Alyssum Variation, — Alyssum is closely related to Capsella and in general 
has the same type of embryogeny, but appears to differ at two points. The 
first difference is that it is claimed that the basal cell of the three-celled pro¬ 
embryo does not divide further, all of the very long suspensor being derived 
from the middle cell (m). The suspicion immediately arises that this is a mis¬ 
interpretation of exactly the same nature as happened in earlier accounts of 
the embryogeny of Capsella, but against this is the fact that the basal cell at 
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the three-celled stage is extremely long and hence probably incapable of divid¬ 
ing. If the latter assumption is correct, then all the cells of the suspensor, 
totaling from eight to fifteen, are derived from cell w, as is the hypophysis cell. 
The second difference is that the first division in the hypophysis cell is .vertical, 
as in the Ranunculus Variation; the next division is also vertical and is followed 
by transverse walls. All other histogens are delimited as in Capsella. 

Assignment of Other Genera > The following species conform to the Cap- 
sella Variation: Capsella hursa-pastoriSy Lepidium sativuniy Z. campesirCy 
Z. drabay Cochlearia officinaliSy lonopsidium savianum. Those agreeing with 
the Alyssum Variation include Alyssum macrocarpumy and probably different 
varieties of Brassica oleracea. 

However, the situation with respect to Brassicay and particularly concern¬ 
ing varieties of B, oleraceay is confused. In general, the embryogeny is claimed 
to resemble that of Capsella bursa-pasioris closely, but it is obvious from a 
consideration of the figures presented in several papers that this is not true 
with regard to the derivatives of the basal cell. The end cell of the suspensor 
is not swollen or vesicular as in Capsella; the suspensor is more like that of 
Alyssum macrocarpum. The intermediate cell, w, of the three-celled pro¬ 
embryo apparently does not function as a hypophysis initial but divides trans¬ 
versely at least twice. The cell adjacent to the embryo proper remains larger 
than the other cells of the suspensor and becomes the hypophysis cell. This 
cell divides by a typical curved wall. Since there is question as to the be¬ 
havior of cell my the disposition of Brassica oleracea must be held in abeyance. 
It seems to display characters intermediate between those of Capsella and 
Alyssum. 

CoRTi, R. 1930, Embriologia del genere lonopsidium Racb. Nuovo Giorn. Bot. Ital. 37: 
510-526. 

Pearson, O. H. 1933. Study of the life history of Brassica oleracea. Bot. Gaz. 94: 534-550. 
Riddle, L. C. 1898. The embryology of Alyssum. Bot. Gaz. 26: 314-324. 

ScHAFFNEK, M, 1906. The embryology of the Shepherd’s Purse. Contrib. Bot. Lab. Ohio 
State Univ. 25: 1-8. 

SouEGES, R. 1914. Nouvelles recherches sur le d6veloppement de I’embryon chez les Cruci- 
fires. Ann. Sci. Nat., Bot. IX, 19: 311-339. 

SouEGES, R. 1919. Les premieres divisions de i’oeuf et les difT6renciations du suspenseur chez 
le Capsella bursa-pastor is Moench, Ann. Sci. Nat., Bot. X, I: 1-28. 

Thompson, R. C. 1933. A morphological study of flower and seed development in cabbage. 
Jour. Agr. Res. 47: 215-232. 


Violales 

Violaceae:-- The embryonomy of Viola tricolor agrees in the main with 
that of the Geum Variation, Asterad Type, but there are certain essential 
differences. In V, tricolor the three subepiphyseal elements give rise to both 
the cotyledonary region proper and to the upper portion of the hypocotyle¬ 
donary axis instead of producing the cotyledonary portion alone; the element 
m furnishes the lower portion of the hypocotyl in lieu of engendering the 
entire hypocotyl; the initials of the root cortex arise from derivatives of the 
hypocotyl instead of originating from cell ci; finally, no suspensor is developed, 
the lowest cell, ci, contributing only to the construction of the central portion 
of the root cap. 

Viola firnbriatula and V. cucullata by inference conform to the description 
for V, tricolor, A second division is figured as being unequally transverse in 
the basal cell of the two-celled proembryo and the third is longitudinal in the 
terminal cell. A suspensor also is not formed in either species, the well de¬ 
veloped embryo being perfectly globular in outline. 
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Bliss, M. C. 1912. A contribution to the life-history of Viola, Ann. Bot. 24: 155-163. 
Sou^iGES, R. 1937. Kmbryog6nie des Violates. Ddveloppement de J’embryon chez le Viola 
tricolor L. C. R. Acad. Sci. Paris 205: i 6 g-iyi. 

Resedaceae:- Reseda luteola follows exactly the same type of embryonomy 
that prevails in the Onagrad Type. It is possible, however, that other species 
in the family do not maintain such a rigorous adherence to this developmental 
scheme. 

Soui:GES, R. 193.5- Embryog6nic dcs Rtstdacles. D6veloppement de Tembryon chez le 
Reseda luteola L. C. R. Acad. Sci. Paris 201: 910-911. 


Polygalales 

There is a somewhat inconclusive report for one genus in the Folygalaceae, 
but none for either of the other two families, Trigoniaceae and Vochysiaceae. 

Polygalaceae:- In Salomonia (Epirrhizanthes) two species, S, elongata and 
S, cylindrical have been examined. The second division is transverse in the 
basal cell and the third is longitudinal in the terminal cell, following which the 
two daughters of the terminal cell are segmented longitudinally to form the 
quadrant stage. Next the quadrants are divided transversely to constitute 
the octant stage. Events in the root tip region are not at all clear. 

Polygala vulgaris has an embryogeny decidedly similar to that occurring in 
Ceanothus aureus {Rhamnaceae) and may, like the latter, be assigned to the 
Geum Variation, Asterad Type. The species of Salomonia mentioned above 
apparently should be classified similarly. 

SouiiGES, R. 1941. Embryog^nie des Polygalac6es. Developpement dc Tembryon chez le 

Polygala vulgaris L. C. R. Acad, Sci. Paris 213: 446-448. 

WiRZ, H. 19T0. BeitrJige zur Entwicklungsgeschichte von Sciaphila spec, und von Epirrhi¬ 
zanthes elongata Bl. Flora 101: 395-446, 

Saxif ragales 

There is no report for the Australian family Cephalotaceae, 

Crassulaceae There has been some divergence of opinion regarding the 
embryogeny of the Crassulaceae, A considerable number of species have been 
investigated, but only Sedum acre has been thoroughly studied. Despite state¬ 
ments to the contrary, the embryonomy of the family is essentially identical 
throughout and conforms to the Sedum Variation, Caryophyllad Type, with 
the superposition of certain characters of the Onagrad Type. 

The differences of opinion result from a misinterpretation of the function of 
the basal cell of the two-celled proembryo. In Sedum acre it has been demon¬ 
strated beyond dispute that this cell never divides again. All of the embryo 
is derived solely from the terminal cell. After the first transverse division in 
the zygote, the basal cell becomes much swollen, occupying the entire apical 
portion of the embryo sac and becomes extensively haustorial. It is crowned 
by the very smaU, lenticular terminal cell. Cells later produced by the terminal 
cell were erroneously interpreted as derivatives of the basal cell. 

The terminal cell divides transversely into two superposed cells, cc and cd 
(Fig. 41B). Shortly thereafter the lower cell, cd, divides transversely into the 
two cells m and ci, then the latter is partitioned by a longitudinal wall into two 
juxtaposed cells (Fig. 41C, D). The upper daughter cell, cc, of the origmal 
terminal cell of the two-celled stage now divides to form an octant stage pre¬ 
cisely as in the Onagrad Type (Fig. 41E, F). The lower layer of octant cells 
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presently divide by longitudinal walls to separate first the epidermal initials, 
then the periblem and plerome initials of the hypocotyl (Fig. 41 G, H). In the 
developing plerome region the walls become more and more obliquely oriented, 
but this anomaly disappears during later stages. In the upper cellj of the 



Fig. 41. — Sedum acre. A~J. Description in text. All X 400. Srduvi rupcslre. K. Pro¬ 
embryo with filamentous suspcnsor. X230. (A-J redrawn from SouPges 1927; K rcdraum 
from Maukttzon 1933). 

octant embryo curved walls delimit the epidermal initials (Fio. 41G-I). Each 
of the subepidermal cells is then partitioned by vertical walls. This develop¬ 
ment corresponds exactly with that in Lepidium (Capsella Variation, Onagrad 
Type). 






Recapitulatory Table for Sedum acre 

{from left to right) 


I. First Cell Generation 
Proembryo of two cells disposed 
in two tiers: 

cc “ phy -f- pco -f- pvt 
cd^iec-\rco-^s 


III. Third Cell Generation 
Proembryo of five cells disposed 
in three tiers: 

Stages and destinations are the same as 
in the second cell generation. 


II. Second Cell Generation 
Proembryo of three ceils disposed 
in three tiers: 

cc^phy-\‘pco-\-pvt 
m^iec-^co-\-s (in part) 
ci^s (in part) 


IV. FoitRTH Cell Generation 
Proembryo of ten cells disposed 
in four tiers: 

cc {q)«^phy-]rpcO'{’p^ 
d^iec-i^ca 
(in part) 
ci"^s (in part) 


The intermediate cell, w, of the four-celled proembryo behaves in a very 
regular manner. The first division is transverse (Fig. 41F): the daughter cell 





Saxifragales 


— 149 — 


Saxifragaceae 


are designated d and / respectively. These cells are very much flattened in 
the horizontal plane. The upper cell d constitutes the hypophysis cell and 
behaves exactly as in the Onagrad Type (Fig. 41H). During the later stages 
of embryonal growth the basal region enlarges but little, so that the cells of the 
hypophyseal region are rather small. The epidermal cells of the embryo proper 
do not become extended to cover the root. 

The lowest cell, d, of the four-celled proembryo early becomes partitioned 
by vertical walls into four juxtap)osed cells, which do not again divide, but 
become greatly flattened and stretched in the horizontal plane (I'lG. 4iI)-I). 
These cells form a sort of suspensor. 

The four cell generations and the regions of the embryo to which they give 
rise may be summarized as follows, leaving the basal cell out of consideration. 

In certain species of Sedum^ as in S. rupestre (Fig. 41K) and S. anopetalum^ 
a filamentous suspensor of seven or more cells may be formed. The origin of 
the extra cells has not been explained, but it is reasonable to consider them as 
derivatives of cell m of the four-celled proembryo. 

Penthorum sedoides has been placed by taxonomists in both the Crassulaccae 
and the Saxifragaceae, but embryonomically it is best included in the former. 
It develops precisely like Sedurn acre. There is a large haustorial basal cell, 
with a row of four or five suspensor cells. Rosularia sempervivum and Aemium 
undulatum also appear to agree in development with ^S*. acre, as does Cotyledon 
umbilicus. 

P. IQ46. Embryog^nie des Oashulacces. Developpcinent de rembryon chez le 
Cotyledon utnbilicus L. C. R. Acad. Sci. Paris 222: 1311-131;^ 

Mauritzon, J. 1Q33. Studicn liber die Einbryologic der I’amilicn Crassulaccae und Saxi- 
j'ragaccac. Lund, Ohlsson. 

Rocen, T. 1928. Beitrag zur Embryologie der Crassulaceen. Svensk Bot. Tidskr. 22: 368- 
37 ^>- 

SouKGKS, R. 1927. Devcioppement dc I’cmbryon thez Ic Sedurn acre L. Bull. Soc. Bot. 
France 74: 234-251. 

SouEGES, R. 1936. Modification.s au tableau rccapitulatif dcs lois dc developpemcnt chez le 
Sedurn acre L. Le type embryonomique de celte esp^ec chez les autres Crassidacees . Bull. 
Soc. Bot. France 83: 13-18. 

Soei-xiES, R. 1931). Lcs relations embryog6niques dcs Crassidac^cs, Saxifragacees et liyperi- 
cades. Bull. Soc. Bot. France 83: 317-329. 

Saxifragaceae:- Saxifraga granulata follows the Sedurn Variation, Caryo- 
phyllad Type, closely, with certain minor variations: (/) in the construction 
of the two subepidermal layers in the circumaxial zone of the cotyledonary 
region; {2) in the mode of construction of the hypophyseal region, and (j) in 
the formation of large cells by the descendants of the basal cell. The basal 
cell of the two-celled proembryo divides rather promptly and docs not become 
swollen. It produces from four to eight large cells which become the lower 
portion of the suspensor. At the time of development of the cotyledons the 
somewhat swollen basal suspensor region is compressed and completely re¬ 
sorbed by the endosperm. The terminal cell is first segmented transversely 
to produce two superposed cells, cc and cd. The cell cc engenders the embryo 
proper in the same manner as in the Onagrad Type. The cell cd divides trans¬ 
versely into two superposed cells, m and d. The latter, as a general rule, is 
divided vertically into two juxtaposed cells and produces the middle region of 
the suspensor. The element w is invariably segmented transversely; the lower 
daughter cell, /, which may be further divided by one or two transverse walls, 
develops the upper portion of the suspensor. The upper daughter cell, d, is 
transformed directly into a hypophysis cell. Occasionally, however, cell d 
may divide transversely and the upper daughter cell then becomes the hypo¬ 
physis cell. The hypophysis cell next behaves exactly as in the Onagrad Type. 
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Many genera have been described as forming a linear four-celled proembryo; 
the further development is decidedly variable according to the genus. In no 
species has a sufficiently detailed study been made to allow a definite assign¬ 
ment to a given Type. From the crude diagrams and meager descriptions 
available it would appear that most of them follow the Sedum Variation. The 
behavior of the basal cell is extremely variable and irregular. Sometimes it 
does not divide and at the other extreme a massive structure surmounted by a 
comparatively small embryo (Ribes aureum) is formed. Filamentous suspensors 
are occasionally developed, as in Bergenia hessiana and Mitella nuda. In 
Deutzia longiflora and Vahlia oldenlandioides the basal cell becomes excessively 
elongated. 



Fig. 42. — Ribes divaricatum. A. Four-celled proembryo. X225; B-E. Developing ir¬ 
regular proembryos. X260. Ribes aureum. F. Embryo. X225. SuUivantia sullivaniii. 
G-J. Embryogeny. X390. Pamassia palustris. K. Simultaneous mitoses in both cells of 
two-celled proembryo. L. Quadrant proembryo. M. Octant proembryo. N. Older embryo, 
with only epidermis differentiated. (A-J redrawn from Maukitzon 1933; K~N redrawn from 
Pace 1912). 

The irregular embryonomy of Ribes divaricatum is particularly noteworthy. 
As in the other genera, a row of four cells is first formed (Fig. 42A-*E), after 
which each cell divides in the most {peculiar fashion. Daughter cells may pro¬ 
ject laterally, but most often derivatives become extended in the direction of 
the chalaza. As the later development was not followed out, the ultimate fate 
of the lateral outgrowths is not known. 

The embryonomy of SuUivantia suUivantii (Fio. 42G-J) and Chryso^ 
splenium altemifolium is similar and also irregular. The basal cell appears to 
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divide vertically, followed by additional more or less vertical divisions so that 
the suspensor region becomes broad and somewhat flattened. Development 
of the embryo proper appears to conform with that of the Sedum Variation- 
In Peltiphyllum peltatum both basal and terminal cells of the two-celled 
proembryo divide transversely. 

A proembryo of six cells in a linear row, topped by two juxtaposed cells, is 
figured for Mitella pentandra. Behavior in M. diphylla is difi'erent, especially 
for the derivatives of the basal cell. At the four-celled procmbryonic stage, 
the upper two cells are derived by transverse segmentation of the terminal cell 
and the lower two by a similar division of the basal cell. The latter two cells 
are unevenly swollen in such a manner that the lower one is turned to one side. 
Further divisions in both cells presently result in a broad suspensor. There is 
a row of three to five cells above and later the uppermost one divides vertically. 

Boykinia tellimoides ckvelops a linear five-celled proembryo. Vahlia 
viscosa clearly conforms t(%he Lythrum Variation, Onagrad Ty])e; V. olden- 
landioides is said to follow the same scheme of development as in the former 
species. 

Parnassia palustris and Saxifraga crassijolia inferentially conform to the 
Sedum Variation, but there is some indication that they might follow the 
Lythrum Variation since in the first species the first division in the terminal 
cell is longitudinal (Fig. 42K--M). 

Dahlgren, K, V. O. 1930. Zur Embryologie dcr Saxifragoideen. Svensk Bot. Tidskr. 
24:429-448. 

Gaumann, E. 1919. Studien Uber die Entwicklungsgeschichte einiger Saxifragales. Rec. 
Trav. Bot. N6erl. 16: 285-322. 

Mattritzon, J. 1933. Studien iiber die P'mbryologie der Eamilien Crassulaceae und Saxi- 
fragaceae. Lund, Ohlsson. 

Pace, L. 1912. and some allied genera. Bot. Gaz. 54: 306-329. 

Raguavan, T. S., and V. K. Srinivasan. 1942. A contribution to the life-history of Vahlia 
viscosa Roxb. and Vahlia oldenlandioides Roxb. Proc. Indian Acad. Sci., B, 15: 83-105. 
SouEGES, R. 1936. Einbryogcnie des Saxifragac 6 es, D6veloppement de Tembryon chez le 
Saxifraga gramdata L. C. R. Acad. Sci. Paris 202: 240-242. 

SouEGES, R. 1936. Lcs relations embryog6niqucs dcs CrassnlaclcSy Saxifragacies et Hyperi- 
caches. Bull. Soc. Bot. France 83: 317-329. 


Sarraceniales 

Droseraceae > The embryonomy of Drosera rotundifolia is simple and con¬ 
st ant, and offers certain peculiar characteristics. It is a little difficult to assign 
this species to a definite Type, since the embryogeny partakes of characters 
from several different Types. For instance, the filamentous embryo con¬ 
forms to the Solanad Type; the disposition of the quadrants resembles that in 
both the Solanad and Chenopodiad Types; the terminal cell of the proem- 
bryonic tetrad, which alone develops into the body of the embryo, is the 
daughter cell of the terminal cell, as in the Sedum Variation, Caryophyllad 
Type; the basal cell does not participate in the formation of the embryo proper 
but gives rise directly to the suspensor, as again is the case in the Caryophyllad 
Type; finally, the two tiers h and h\ which engender respectively the initials 
of the root cortex and the primordium of the root cap, behave according to 
the Asterad Type. Altogether, it appears most logical to assign this species 
to the Caryophyllad Type as a Variation. 

To proceed with the detailed discussion of the embryonomy: the terminal 
cell of the two-celled proembryo always divides in advance of the basal cell 
and is partitioned transversely into two superposed cells, cc and cd. The ele¬ 
ment cc next divides transversely into two new cells, I and These two cells 
thereupon segment vertically; the four cells thus resulting represent quadrants 
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disposed in a vertical plane. They then undergo meridional partitionings into 
eight octants; the upper four octants correspond to the cotyledonary region 
while the four lower octants represent the hypocotyledonary region. 

The element cd divides transversely into two superposed elements h and //', 
which next divide by vertical walls which are almost but not quite meridional. 
Through new vertical partitionings, the two juxtaposed elements of h give 
rise to four circumaxial cells, then to a plateau of eight to twelve cells of which 
only four may be observed in longitudinal sections of an embryo at this stage. 
The four elements adjacent to the axis constitute the initials of the root cortex, 
while the four or eight others contribute to the formation of the lateral portion 
of the root cap. The two juxtaposed elements of h' divide very tardily by 
means of two meridional walls to engender four circumaxial cells that next 
segment horizontally and finally give rise to the central portion of the root cap. 

The basal cell, cb, divides transversely into m and ci. These two ceils 
usually divide transversely, but the walls may be vertical or oblique, and their 
descendants constitute a very short suspensor se^isu stricio. 

The zygote of Dimaea muscipula divides transversely, whereupon the basal 
cell segments similarly. This species therefore differs from Drosera rotundifolia 
in this respect. The terminal cell segments longitudinally, then each daughter 
cell is partitioned transversely. A later stage clearly reveals the presence of an 
epiphysis initial, but it is not clear how it originated. It is very difficult to as¬ 
sign this species also; it doubtless belongs under the Onagrad Type: if an epi¬ 
physis is present (a hypophysis is lacking), then it may be assigned to the Lotus 
Variation, but if an epiphysis is lacking it conforms to the Trifolium Variation. 


Smith, C. M. 1929. Development of Dionaea mmeiptda. I. Flower and seed. Bot. Gaz. 87: 
507-530. 

SoukoES, R. 1936. Kmbryog6nie des Dros6rac6es. D6veJoppcinent de Tenibryon chez le 
Drosera rotundifolia L, Cr. R. Acad. Sci. Paris 202: 1457-1459. 


Sarraceniaceae To judge from the very brief account of the development 
of the proembryo of Sarracenia purpurea, it would seem to agree substantially 
with the Drosera Variation, Caryophyllad Type. 

Shreve, F. 1906. The development and anatomy of Sarracenia purpurea, Bot. Gaz. 42: 
107-126. 


P 0 d 0 s t e m 0 n a 1 e s 

No report is available for the Eydrostachyaceae. 

PodostemonaceaeConditions within the family are rather interesting, but 
unfortunately no detailed description of a given species is available. 

In all investigated species the zygote divides transversely. The basal cell 
thereupon segments transversely and the lower daughter cell (the equivalent of 
ci) undergoes mitosis but no wall is subsequently formed. The terminal cell 
appears to divide transversely several times, then all cells save the apical 
derivative segment longitudinally. The suspensor, at least in Dicraea elongaia, 
consists of not over four cells arranged in a row. The binucleate cell at the dis¬ 
tal end sends out haustorial-like protuberances which grow through the nucellus 
in a chalazal direction. 

It is not possible to determine the assignment of species in the Podoste¬ 
monaceae. Those studied include Podostemon subuktus, Dicraea elongata, 
Lawia zeaknica and Farmeria metzgerioides. 

Magnus, W., und E. Werner. 1913. Die atypische Embryonalentwicklung der Podostema- 

ceen. Flora 105: 275-336. 
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Elatinaceae Bergia ammanioidesy B. capensis and Elatine sp. appear to 
conform to the Solanad Type, and possibly to the Nicotiana Variation. 

Frisendahl, a. 1927. Uber die Kntwicklung chasmo- und kleistogamer Bliiten bei dor 
Gattung Elatine. Meddel. Gbteborgs Bot. Tragd. 3: 99-142. 

Kajale, L. B. 1940. A contribution to the life-history of Bergia ammanioides Roxb. Jour. 
Indian Bot. Soc. 18: 157-167. 

Raghavan, T. S., and V. K. Skinivasan. 1940. A contribution to the life-history of Bergia 
capensis Linn. Jour. Indian Bot. Soc. 19; 283-291. 



Fig. 43. — Sagina procunihctis. A-N. Description in text. X420. Vaccaria vaccaria. 
0 . Filamentous proembryo. (A-N redrawn from SouLges 1922; 0 redraum from Cook 1909). 


Caiyophyllaceae:* The first transverse division in the zygote of Sagina 
procumbens partitions it into a terminal and a basal cell. The latter (Fig. 43A 
et seq.) does not again divide, but eventually becomes the lowermost cell of 
the suspensor, assuming an irregular form. The terminal cell becomes seg¬ 
mented transversely to engender two superposed elements, cc and cd (Fig. 43!^ )• 
Shortly the element cd in turn is divided by a transverse wall into two new 
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elements, m and ci\ the other element cc undergoes a similar division to give 
rise to two new cells, I and V (Fig. 43D-F). There thus is formed a tetrad of 
cells comparable to that found in Ckenopodium bonus-henricus (Chenopodiad 
Type). It diflFers (i) in that all cells are engendered by the terminal cell alone, 
and (2) by the eventual destination of the four elements of which it is composed. 
In effect, the element / gives rise in a unique manner to the stem apex, repre- 
enting an epiphysis initial corresponding to that in Geum and Myosotis but 
already individualized at the tetrad stage; the element V engenders the cotyle¬ 
donary regions — that is to say, the cotyledonary tissues plus the central 
cylinder of the stem; from the element m the hypocotyl is differentiated to¬ 
gether with the central cylinder and cortex of the root; finally, the derivatives 
of the element ci develop into the primordia of the root cap and a very short 
suspensor. 

P^ach of these four elements now divides to form an eight-celled proembryo. 
The three cells m, I and V are segmented by meridional walls; the element ci 
divides shortly after by a transverse wall into two superposed cells, n and 
(Fig. 43G). a proembryo of sixteen cells next results from the partitioning of 
these eight elements: the two cells of the three upper tiers, /, V and w, are 
again segmented vertically to give four circumaxial cells; the element n is di¬ 
vided by a similar vertical wall into two juxtaposed cells, while the sister cell 
n' is divided by a transverse wall into two superposed cells, 0 and p (Fig. 43H). 
This proembryo of six tiers is comparable to that in Sagittaria and the Persi- 
caria section of the Polygonaceae^ but is distinguished by the mode of formation 
and the destination of its constituent elements. 

The superior tier, /, which represents the epiphysis, is composed of four 
circumaxial cells: these cells now divide by tangential walls (Fig. 43I, J). The 
four external daughter cells are the first four cells of the epidermis and the in¬ 
ternal four daughter cells are the first four cells of the cortex of the stem apex. 
The tier V corresponds to the cotyledonary portion proper; it gives rise to the 
two cotyledons and to the first cells of the upper region of the central cylinder. 
The four elements which constitute this region become segmented tangentially 
and separate the epidermal initials on the outside (Fig. 43I). The four internal 
cells are divided vertically, thus originating the first cells of the periblem next 
to the epidermal initials and the first cells of the plerome of the stem toward 
the center (Fig. 43J). These four plerome initials, by means of new vertical 
walls, give rise in the neighborhood of the periblem to elements homologous to 
the pericycle elements of the hypocotyl and four new circumaxial cells (Fig. 
43K). The elements of this pericyclic nature are segmented longitudinally, 
then transversely, and thus engender a cellular core of union between the 
plerome of the cotyledon (fnv)j that of the stem apex and that of the hypocotyl 
(Fig. 43M). The four circumaxial cells are partitioned transversely into two 
superposed tetrads of cells: the upper tetrad, adjoining the epiphysis, repre¬ 
sents the initials of the stem stele (tVe', Fig. 43N); the lower tetrad constitutes 
the mother cells of the vascular meristem of the same organ. The first cells of 
the periblem of the cotyledonary region are divided oftenest by tangential 
walls, which, in a singular manner, appear to be inserted at the lower end to 
the wall of the epidermal cell of the hypocotyl. Anticlinal walls succeed these 
tangential divisions and occasionally precede them. The vascular meristems 
of the cotyledons are differentiated from the innermost elements of this cell 
group (mv ); the other elements of the same group contribute to the formation 
of the internal and external periblem of the cotyledons (wc and inc\ Fig. 43M, 
N). 

The tier m gives rise to the h3q>ocotyl. The four elements which compose 
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this layer in the twelve-celled proembryo are the first to become segmented. 
Tangential walls first delimit the epidermal initials; then, in the four internal 
cells, as also occurs in Nicotianaj transverse walls separate the initials of the 
root cortex in the lower region and four new circumaxial cells in upper region 
(Fig. 43H-J). The latter divide longitudinally to give rise to the periblem 
and plerome. The initials of the plerome, by new vertical walls, contribute 
the first cells of the pericycle toward the outside and four new cells adjoining 
the axis; the latter divide transversely into two new superposed cells (Fig. 
43K, L). The lower tetrad represents the initials of the central cylinder of the 
root tip, while the upper tetrad engenders the vascular meristems of the root. 
The initials of the periblem are segmented transversely, then longitudinally 
in two directions. 

The tier n is composed of two cells: these divide vertically (Fig. 43H); then, 
in the four elements thus formed, there is established, either immediately or 
following the formation of new vertical walls, tangential walls which separate 
the calyptrogen initials (Fig. 43L-N). The cells 0 and p go into the formation 
of the suspensor. 

The embryonomy of Sagina procumbens, briefly, is distinguished by the 
method of origin of the epiphysis, the order of segmentation in the cotyledonary 
region and the method of differentiation of the root cortex. The recapitulatory 
table follows: 



Recapitulatory Table for Sagina procumbens 

(Jrom left to right) 

III. Third Cell Generation 
Proembryo of eight cells disposed 

in five tiers: 

I ^pvt 
V ■= pco 

phy+icc-^- iec 
n^co 

IV. Fourth Cell Generation 
Proembryo of sixteen cells disposed 

in six tiers: 

I ^pvi 
V^pco 

m « phy 4* icc+iec 
n^co 
0+p’=^S 

Agrostemma {Lychnis) githago appears to conform to the same develop¬ 
mental scheme as does Sagina procumbens. Silene conoides apparently de¬ 
velops similarly, while the related Vaccaria vaccaria differs in that an elon¬ 
gated suspensor is developed (Fig. 43O). The early development of the pro¬ 
embryo in the latter species was not followed out, but the impression is ob¬ 
tained that the basal cell of the two-celled proembryo does not divide again, so 
that all of the suspensor cells, whatever their diverse dimensions, are derived 
from the terminal cell. 


I. First Cell Generation 
(The basal cell is omitted) 
Proembryo of two cells disposed 
in two tiers: 

cc^’^pco-^-pvl 

cd ■* phy +f cc4- icc-\~co’\-s 

II. Second Cell Generation 
Proembryo of four cells disposed 
in four tiers: 

I ^pvt 
V « pco 

m = phy-\‘icc-\'iec 
ci"‘CO-\-$ 
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Armaria serpyllifolia likewise conforms to the Sagina Variation, differing in 
minor details: in that tlie initials of the root cortex are tardily differentiated, 
and in the even more tardy individualization of the initial of the root cap. 

Tunica saxifraga and Saponaria cerastioides apparently conform to the 
Vaccaria Variation, Caryophyllad Type, whereas Stellaria media^ Polycarpon 
tetraphylluniy Drymaria cordata and Moehringia trincrvia, although imperfectly 
described and illustrated, would seem to agree most closely with the Sagina 
Variation, Caryophyllad Type. 

Claytonia perfoliaia, on the other hand, has an embryogeny radically differ¬ 
ent from that of any of the species mentioned above. The embryonomy repre¬ 
sents a superposition of those of the Polygonum and Senecio Variations of the 
Asterad Type. It differs from both in that tier m alone forms all of the hypo- 
cot3dedonary region, but in other details it might conform to either Variation. 

The disposition of Montia rivnlaris is difficult; it appears to agree more 
closely with the Senecio Variation, Asterad Type, than with any other. 

Cook, M. T. 1903. The development of the embryo-sac and embryo of Agroskmnta githago. 
Ohio Nat. 3: 365-"369. 

Cook, M. T. igog. Notes on the cmbryolog3’^ of the Curyophyllaccac. Ohio Nat. 9: 477-479. 
Rc>ckn, T. 1927. Zur Emhryologie der Centrospcrmcn. Diss., Uppsala. 

SoTOGKS, R. 1922. Embryog{*nie des Caryophyllacees. Lcs premiers stadcs du d6veloppe- 
ment de rembryon chez le Sagina procumhens L. Les derniers stades du ddvcioppemcnt 
chez le Sagma procumbens L. C. R. Arad. Sci. Paris 175: 709-711; 894-896. 

SouFCES, R. 1924. D6veloi>pemcnt de I’embryon chez le Sagina procumbens L. Bull. Soc. 
Bot. France 71: 590-614. 

SouEGES, R. 1945. EmbryogOiie des Caryophyllacees. T)6veloppemcnt dc Fembryon chez 
VArenaria serpyllifolia L. C. R. Acad. Sri. Paris 221: 320-322. 

SouEGES, R. 1945. Embryog6nie des Portulacacees. D^veloppcment de rembiy^on chez le 
Claytonia perfoliata Donn. C. R. Acad. Sci. Paris 221: 111-113. 

MoUuginaceae > Gicsekia pharnaceoides conforms rather closely to the 
Sagina Variation, Caryophyllad Type. 

A linear proembryo of five or six cells is formed in Mollugo nudicaulis, but 
the exact derivation of these cells was not described. The cell at the apex of 
the proembryo is divided vertically when the six- or seven-celled stage is 
reached. Assignment is probably also to the Sagina Variation. However, 
there is considerable resemblance to the Linum Variation, Solanad Type, 

Bhargava, H. R. 1934. Contribution to the morphology of Mollugo nudicaulis Lamk. Proc. 
Indian Acad. Sci., B, i: 271-278. 

JosHi, A. C., and V. R. Rao. 1936. The embryology of Gisekia pharnaceoides Linn. Proc. 
Indian Acad. Sci., B, 3: 71-92. 


Aizoaceae (Ficoidaceae)The proembryo of Sesuvium portulacastrum di¬ 
vides repeatedly in the transverse plane to form a linear row of about eight 
cells. It is claimed that the two terminal cells alone participate in the forma¬ 
tion of the embryo proper, while the third cell functions as a hypophysis. It 
is highly probable that this species belongs under the Linum Variation, Solanad 
Type, though the suspensor is much longer than in Linum, 

Trianthema decandra is very similar in development to S, portulacastrum. 
On the other hand, the first division in the zygote of T, monogyna is said to be 
transverse but might be slightly oblique, and the terminal cell is claimed to 
divide longitudinally, but it is not at all clear whether the terminal cell of the 
two-celled proembryo or the terminal cell of a much older proembryo consisting 
of a linear row of about eleven cells is meant. It is so highly improbable that 
all of the cells of such a well developed proembryo were derived from the basal 
cell alone that the only conclusion which can be reached is that the first division 
in the terminal cell of the two-celled proembryo is transverse. Assignment 
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to the Linum Variation is probable. The suspcnsor becomes quite massive and 
is larger than the embryo proper until after cotyledon development commences. 

For Mesemhryanthemum crystallinum there is depicted a proembryo of two 
juxtaposed cells occupying the terminal end, then three superposed basal cells. 
Assignment of this si)ecies is problematical, but might be like that of the pre¬ 
ceding species. 

Bhargava, H. R. 1935. The life history of Trianihcma monogyna L. Pror. Indian Acad. Sci., 
B, 2:49-58. 

Raghavan, T. S., and V. K. Srinivasan, 1940. Studies in the Indian Aizoaceae. Ann. 
liot., n.s. 4: 651-661. 

Woodcock, E. F. 1930. Morphological studies on the seed of Mcscmhryanthcmmn rrystolli- 
nnm L. Papers Mich. Acad. Sci., Arts and Letters 13: 221-226. 

Portulacaceae Portulaca oleracea conforms to the Myriophyllum Varia¬ 
tion, CaryophyHad Type. P. tuberosa, on the contrary, appears to conform to 
the Drosera Variation of the same Type. Claytonia virginiana probably be¬ 
longs to the Myriophyllum Variation. 

Cook, M, T. 1903. The development of the embryo-sac and embryo of Claytonia virginiana. 
Ohio Nat. 3: 349 - 353 - 

CooPKR, I). C. 1940. Macrosporogenesis and embryology of Portulaca olrracai. Amer. Jour. 
Hot. 27: 326-330. 

Raghavan, T. S,, and V. R. Siunivasan. 1941. Cyto-morphological features of Portulaca 
iuberosa Roxb. Proc. Indian Acad. Sci., B, 14: 472-488. 

SotTxes, R. 1938. Embryog6nie des Portidacacies. D6veloppement de I’embryon chez le 
Portulaca oleracea L. C. R. Acad. Sci. Paris 20: 768-770. 

Polygonales 

Polygonaceae:- The embryogeny of the Polygonaceae (Polygonum Varia¬ 
tion) closely resembles that of Urlica pilulifera (Urtica Variation). The differ¬ 
ences arc in the development of the derivatives of cell m; otherwise, the eventual 
destination of each tier of proembryonic cells is the same in the two Variations. 



Fig. 44. — Polygonum aiiadare. Description in text. All X 375 * {Redrawn from Sources 
1924). 

In Polygonum aviculare the terminal cell of the two-celled proembryo 
divides longitudinally into two juxtaposed cells, while the basal cell is par¬ 
titioned transversely into two superposed cells, m and ci (Fig. 44A, B). The 




Johansen 


— 158 


Embryology 


two upper cells are next divided longitudinally to form the quadrant stage 
(Fig. 44C). The cell w, either slightly before or at about the same time, is 
divided vertically; then the lower cell ci divides transversely (Fig. 44C). The 
proembryo at this stage consists of eight cells in all; each of these eight cells is 
bipartitioned to form a sixteen-celled proembryo: the quadrant group of cells, 
by transverse segmentation of each, engenders four upper octants, /, and four 
lower octants, while the two juxtaposed cells of tier m are separated by 
meridional walls into four circumaxial cells and finally the two superposed cells 
n and n' respectively divide longitudinally and transversely (Fig. 44D, E). 
During the later stages of embryo development, the tier /, which is reduced to 
two cell layers, gives rise to the cotyledonary portion; more precisely, to the 
epidermal initials and the cortex of the stele, to the internal cortical meristems 
and the vascular meristems of the cotyledons. The tier V gives rise to the 
short upper portion of the hypocotyl, whereas the tissues derived from m make 
up by far the larger portion of the hypocotyl. The region n gives rise to the 
initials of the root cortex (in contrast to giving rise to the central portion of the 
root cap in other genera of the Polygonaceae), while the derivatives of an upper 
daughter cell of w' constitute the primordia of the root cap, and the derivatives 
of p (the other daughter cell) form the suspensor (Fig. 44F-'I). 

Polygonum persicaria agrees substantially with P. aviculare in most details, 
but cell 0 may be divided by a vertical wall and cell p generally remains very 
small and is conical in shape, but these two cells may eventually give rise to 
a small suspensor. 



Recapitulatory Table for the Polygonaceae 

C/rom l^t to right) 


I. First Cell Generation 
Proembryo of two cells disposed 
in two tiers: 

ca * pco-^pvt-^- \phy 
cb^lphy-j-icc-^iec+co-^s 

II. Second Cell Generation 
Proembryo of four cells disposed 
in three tiers: 

q^pco+pvt-hiphy 

m"^iphy+icc-{-iec 


III. Third Cell Generation 
Proembryo of eight cells disposed 

in four tiers; 

q*^pco-\-pvt-{-iphy 
ipky+icc-i-iec 
n ^co 

IV. Fourth Cell Generation 
Procmbryo of sixteen cells disposed 

in six tiers: 

I ««pco+pvt 
I'^hphy 

m^\phy'^icc’\‘iec 

n^co 

o-^p-s 


Rumex hydrolapathum, R. maritimus, R, sanguineus^ R. congUmeratus^ 
Rheum emodiy Pagopyrum esculenlum, Oxyria digyna^ and Koenigia islandica 
all agree substantially with the Polygonum Variation. 

In Rumex acelosa the egg nucleus contains 7 haploid chromosomes, one of 
which is the so-called X-chromosome. Microspores contain either 7 or 8 
chromosomes. In developing embryos, some have been found with 14 somatic 
chromosomes and others with 15. Tliose with 15 chromosomes appear to 
follow the Polygonum Variation closely, but those with 14 chromosomes are 
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far less regular in construction. 

The laws of embryonomy for Polygonum persicaria may be recapitulated as 
shown in the table on the opposite page. 

Edman, G. 1929. Zur Entwicklungsgeschichte der Gattung Oxyria Hill, nebst 
zytologischen, embryologischen unci systematischen Bemerkungen Ubcr einige an- 
dcre Polygonaceen. Acta Hort. Bergiani 0; 165-291. 

Hagerup, O. 1926. Konsdclenes bygning og udvikling hos/Coemg/a w/am/jca L. Meddelelscr 
om Grdnland 58: 199-204. 

Lonay, H. 1923. Vo\\x\tdu Polygonum avictdare. Bull. Soc. Roy. Bot. Belgique 55:175-177. 
Mahony, K. L. 1936. Morphological and cytological studies on Pagopyrum esctdentum. II. 
Embryogeny. Amer. Jour. Bot. 23: 129-133. 

Ono, T. 1935. Chromosomen und Sexulitiit von Rumex aceiosa. Sci. Rep. Tohoku Im]). 
Univ., IV, Biol. 10: 41-210. 

SoukGES, R. 1919. Embryogdnie des Polygonacees. D6veloppement de rembryon chez le 
Polygonum persicaria. C. R. Acad. Sci. Paris 168: 791-793. 

SoTjfcOES, R. Recherchcs sur rembryog6nie des PolygonacHs. Bull. Soc. Bot. France 66:168- 
199, 1019; 67; i-n, 7.S~85. 1920. 

SouEGES, K. 1924. Embryog^nie des Polygonacies. Le d6vclopt>ement de I’embryon chez le 
Polygonum aviculare L. C. R. Acad. Sci. Paris 178: 409-412. 

Illecebraceae Scleranthtis perennis and Herniaria glabra show profound 
analogies to the Sagina Variation, Caryophyllad Type, but differ somewhat 
in minor details. The former has a very late differentiation of the initials of 
the root cortex and a still later individualization of the cell which gives rise to 
the primordium of the root cap. H. glabra differs from both 5 . perennis and 
Sagina procumbens in the destination of the proembryonic tetrad elements; in 
this respect this species approaches Papaver rhoeas. 

The basal cell of the two-celled proembryo of H. glabra segments trans¬ 
versely a few times to produce the lower portion of the suspensor. These de¬ 
rivatives take no part in the construction of the embryo proper. From the 
derivatives of the terminal cell there is developed a proembryonic tetrad com¬ 
posed of four superjiosed elements, /, m and a. Element I is converted into 
an epiphysis; element /' produces the cotyledonary region proper, the hyj)o- 
cotyl and the initials of the root cortex; element m gives rise, in a very general 
way, to the central portion of the root cap and ci contributes to the construc¬ 
tion of the upper portion of the filamentous suspensor. 

The embryogeny of Polycarpon ieiraphyllum is far more regular than that of 
the species mentioned above. Altogether, the evidence indicates that all three 
species should be assigned to the Sagina Variation. 

S^ufeGES, R. 1938. Embryog^nie des IlUcSbracies. D6veloppement de I’embryon chez le 
Herniaria glabra L. Bull. Soc. Bot. France 85:353-363. 

SoukcES, R. 1938. Embryog6nie des JlUcibrac6es. D6veloppeinent de Fembryon chez 
le Scleranihus perennis L. C. R. Acad. Sci. Paris 206: 1404-1406. 

SoufeoES, R. 1945. Embryog6nie des 1116 c 6 brac 6 es. D6veloppement de I’embryon chez le 
Polycar pon ieiraphyllum L. C. R. Acad. Sci. Paris 221: 41-44. 


Chenopodiales 

There is no report for the Batidaceae. 

Basellaceae> The earliest stages for Basella alba are neither described nor 
figured; early embryos are depicted with very irregularly arranged cells. An 
assignment is impossible. 

Rocen, T. 1927. Zur Embryologie der Centrospermen. Diss., Uppsala. 

Ph3rtolacca€eae:- The description of the embryonomy of Phytolacca de- 
candra agrees closely with the Myosurus Variation, Onagrad Type, and this 
seems to be true also for Rivinia humilis. In R. brasiliensis a linear proembryo 
of about nine cells is produced; development may possibly conform to that of 
some Type other than the Onagrad Type. 




Johansen 


— 160 - 


Embryology 


Lkwis, I. F. 1905. Notes on the development of Phytolacca decandra L. Johns Hopkins 
Univ. Circ. No. 178, 35-43. 

Matiritzon, J. 1934. Ein Beitrag zur Iilmbryologie der Phytolaccaceen und Cactaceen. Bot. 
Notiser 1934: 111-135. 

Cynocrambaceae The embryogeny of Thelygonum cynocramhe appears 
to belong under the Chenopodiad Type. 

ScHNEiDKK, H. 1914. Morphologischc und Entwicklungsgeschichtliche Untersuchungen an 
Thelygonjitn cynocramhe L. Flora 106: 1-41. 

Chenopodiaceae The zygote of Chenopodium honus-hcnricus is segmented 
transversely, whereupon each daughter cell in turn divides transversely, with 
the basal cell segmenting a little in advance of the terminal cell (E"ig. 45A, B). 
The destination of the four cells of the proembryonic tetrad is as follows: the 
upper cell I gives rise to the cotyledonary region; the next cell, /', engenders 



Fig. 45. — Chenopodium bonus-henricus. Description in text. A-E X 650; F-H X 460; 
I X 200. {Redrawn from SouioES 1920). 

the upper portion of the hypocotyledonary region, with the lower portion 
originating from the next cell, finally, the lowest cell, a, develops the hy¬ 
pophysis cell and the suspensor proper. It is thus apparent that a consid¬ 
erable proportion of the embryo proper is derived from the basal cell. 

Each of the four elements is segmented to engender the eight-celled pro- 
embryo: the lowest cell, a, is divided transversely into n and n', while the 
other three cells are partitioned vertically (Fig. 45C, D). The wall in w, how¬ 
ever, may occasionally be oblique; so much so, indeed, that it sometimes ap¬ 
pears to be almost transverse. The sixteen-celled proembryo is created by 
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cytokinesis in each cell of the eight-celled proembryo (Fig. 4sE). The cell m 
is generally divided transversely into two superposed cells, h and k. The cell 
h constitutes the hypophysis cell; while the derivatives of k go into the con¬ 
struction of the suspensor. The cell w' also divides transversely (into o and p) 
and the derivatives join with those from k to form the suspensor. Next the 
two elements of tier V divide vertically to engender four circumaxial cells 
which correspond to four ‘Tower octants.” At the same time these four cells 
become greatly enlarged and give the upper portion of the embryo a globular 
shape. Similar divisions occur next in region m\ these four cells together with 
those in tier V constitute the hypocotyledonary region. Finally the two ele¬ 
ments of tier I are in turn segmented vertically into four cells which might be 
designated the “upper octants” and which represent the cotyledonary region. 

The order of the segmentations during the furtlier development in tier I 
is somewhat irregular (Fig. 45F, G). In a very general way, the first wall in 
any one of the four cells is inserted exteriorly on the peripheral membrane and 
then follows a horizontal direction more or less parallel to the wall separating 



Recapitulatory Table for Chenopodium bonus-henricus 

{from left to right) 

III. Third Cell Generation 
Proembryo of eight cells disposed 

in five tiers: 

I ^pco+pvt 

Iphy 

lphy‘\-icc-{-iec 
n — cO'\-s (in part) 

(in part) 

IV. Fourth Cell Generation 
Proembryo of sixteen cells disposed 

in seven tiers; 

I —pco+pvt 
l'=hphy 

f»5ss \phy-\-icc-\‘iec 
h^co 

k-{-o~\rP*^s 

the two tiers I and V. Two dissimilar cells are produced: an upper one, with 
a triangular aspect, and a lower one, a, with a quadrangular aspect (Fig. 45H). 
Exceptionally, the wall may be almost vertical, parallel to one of the two 
meridional walls. Again, the wall may be diagonally curved to follow the 
rounding of the external wall. The next divisions, whatever the position of the 
preceding wall, individualize the epidermal initials. In cell a, the wall is 
generally tangential. Eventually, when the terminal depression appears and 
the protuberances indicating the positions of the two cotyledons become 
formed, region I consists of two cell layers in addition to the epidermal layer. 
In tier /' each of the four elements is segmented vertically (Fig. 45G, H). 


I. First Cell Generation 
Proembryo of two cells disposed 
in two tiers: 

ca = pco -}- jpvt hphy 
cb = \phy^icC'\r-iec-\-co-\-s 

II. Second Cell Generation 
Proembryo of four cells disposed 
in four tiers: 

/ —pco-]rpvl 

I' =* iphy 

m « iphy~{-icc~\-iec 
ci^co~{-s 
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Further development is very similar to the corresponding growth in the Ona- 
grad Type. The first transverse walls in this tier generally appear at a rather 
late stage of development. 

Tier m develops much like tier but transverse walls may appear at an 
earlier stage (Fig. 45G, H). At the moment of formation of the cotyledons 
tiers m and /' both consist of two layers of cells which correspond respectively 
to the upper and lower portions of the hypocotyledonary region. The periblem, 
plerome and initials of the cortex all originate in tier m. 

Tier h, as has already been indicated, becomes transformed directly into 
the hypophysis cell. This cell segments longitudinally into two juxtaposed 
cells, and the latter in turn are divided similarly to form four circumaxial cells 
which represent hypophyseal quadrants (Fig. 4SH, I). Next each quadrant 
cell is divided more or less horizontally, then, in a general way, the upper 
daughter cell is again segmented horizontally and the derivatives constitute 
the two innermost layers of the root cap. 

The suspensor proper takes its origin from the three elements k, (?, and p. 
Each, as a general rule, is partitioned vertically to give rise to two juxtaposed 
cells (Fig. 45F~H). Subsequent divisions are very irregular and are most 
numerous in the regions derived from o and p. The cells soon acquire large 
dimensions. 

The embryogeny of Beta vulgaris agrees in the main with that of Cheno- 
podium bonus-henricus. One account states that the basal cell of the two- 
celled proembryo does not divide and becomes haustorial, but this is either 
rather inaccurate or merely represents an exceptional phenomenon associated 
with environmental factors. There are certain irregularities in the planes and 
sequence of the divisions in the four cells of the tetrad proembryo, so that no 
rigid laws appear to be applicable. Cell /' always divides vertically and cell 
m usually does so. During the third cell generation the proembryo may thus 
consist of either five, six or seven tiers. The disposition of the cells during the 
fourth cell generation is therefore dependent upon the disposition during the 
preceding generation. Thus, if the proembryo is five-tiered during the third 
cell generation, the proembryo may have eight tiers during the succeeding 
generation. 

Chenopodium album is said to produce a proembryonic row of eight cells 
with subsequent longitudinal divisions in all but the second and third cells from 
the terminal end. 

Events are not very clear in Haloxylon ammodendron, but it apparently con¬ 
forms to the Chenopodiad Type. 

Artschwager, E. 1927. Development of flowers and seed in the sugar beet. Jour. Agr. Res. 
34* 1-25. 

Artsc:hwacer, E., and R. C. Starrett. 1933. The time factor in fertilization and embryo 
development in the sugar beet. Jour. Agr. Res. 47: 823-843. 

Bhargava, H. R. 1937. The life-history of Chenopodium album Linn. Proc. Indian Acad. 
Sci., B, 4: 179-200. 

Bocanzeva, Z. P. 1944. (An investigation into the biology of flowering and embryological 
development in Haloxylon ammodendron Bge.) Jour. Bot. URSS 29: 36-48. (Russian 
with English summary) 

Oksijuk, P. 1927. Entwicklungsgeschichte der ZuckerrUbe (Bcto Jard. Bot. Kieff 

5-6: 1-19. 

Soui:GES, R. 1920. Embryog6nie des ChenopodiacSes. D€veloppement de Tembryon chez le 
Chenopodium bonu^-henricus L. C, R. Acad. Sci. Paris 170: 467-469. 

SoufecES, R. 1920. D6veloppement dc Pembryon chez le Chenopodium bonus-henricm L. 
Bull. Soc. Bot. France 67: 233-257. 

Amarantaceae:-* Amarantus retroflexus embryonomically represents a trans* 
ition form between the Solanad and Chenopodiad Types, but since the basal 
cell of the two-celled proembryo contributes to the formation of the embryo, 
it most logically belongs under the latter Type. Otherwise, the orientation of 
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the first wall in region V of the proembryonic tetrad determines which Type the 
embryo concerned follows: the wall may be either longitudinal (Solanad) or 
transverse (Chenopodiad). In most respects, however, the embryonomy very 
closely parallels that of Chenopodium bonus-henricus. 

Amarantus caudattts is identical in development with A. retroflexiis^ and 
Digera arvensis, Alter anther a sessilis and Achryanthus asper are also remarkably 
similar. 

Josm, A. C., and L. B. Kajale. 1937. Fertilization and seed development in Amarantaccac. 
Proc. Indian Acad. Sci., B, 5: 91-100. 

JosHi, A. C., and C. V. Rao. 1934. A contribution to the anatomy, morphology and cytology 
of the flower of Digera arvensis Forsk. Jour. Indian Bot. Soc, 13; 201-236. 

Kajalk, L. B. 1937. Embryology of Achyranthes asper Linn. Proc. Indian Acad. Sci., B, 
5:195-205. 

SoukcES, R. 1937. Embryog6nie des Amarantacies. D^vcloppement de I’embryon chez 
VAmarantiis relrojlexus L. C. R. Acad. Sci. Paris 204: 892-894. 

SouEGES, R. 1937. L’embryon chez les Amarantus. Relations embryologiques entre Ics 
Solanaries et les Cenirospermales. Bull. Soc. Bot. France 84: 242-255. 


Geraniales 

There is no record for the Limnanthaceae, 

Linaceae:- By transverse partitioning of both the basal and the terminal 
cells of the two-celled proembryo of Linum cathcarticuniy a tetrad of four super¬ 
posed cells results (Fig. 46A-C). These cells are designated, in order, as /, 
m and a. The upper cell, /, always divides vertically (Fig. 46D~P), and the 
lowest cell, a, always transversely (Fig. 46I-U). Sometimes the element /' is 
divided longitudinally (Fig. 46E, F, J, M, N, P, Q), sometimes transversely 
(Fig. 46G, H, I, L, O, R, T, V), or occasionally obliquely (Fig. 46K). The ele¬ 
ment m is oftenest divided transversely (Fig. 46K), but is sometimes segmented 
longitudinally (Fig. 46M). These variations in the behavior of the divisions in 
these two central elements of the tetrad proembryo thus present three types of 
eight-celled proembryos: the first consists of five tiers of cells (Fig. 46M), the 
second of six cells (Fig. 46N), and the third of seven tiers (Fig. 46O). The last 
type appears to be the one most commonly encountered. 

Region / engenders the cotyledons. The four proembryonic elements of 
which it is composed become segmented obliquely; the cells later very probably 
multiply in a manner similar to that occurring in the Urtica Variation. The 
destination of the two elements V and m of the proembryonic tetrad is variable. 
In the general case of the eight-celled proembryo of seven tiers, the element /' 
is divided into two superposed cells, from the upper one of which the hypocotyl 
arises, while the lower derivative is divided transversely into two superposed 
cells. The upper daughter cell becomes a hypophysis cell which behaves as in 
the Onagrad Type, while the lower daughter cell becomes part of the sus- 
pensor proper. 

The element m of the eight-celled proembryo of seven tiers, which is like¬ 
wise divided into two superposed cells, and its descendants go entirely into the 
construction of the suspensor (Fig. 46L~U). In the case of proembryos of 
eight cells arranged in six tiers, the stage here composed of two juxtaposed 
cells, gives rise to the hypocotyl; the upper daughter cell of m (d), after one or 
two additional transverse segmentations, becomes the hypophysis cell and the 
lower daughter cell (/) goes into the construction of the suspensor. Finally, in 
the rare instances of eight-celled proembryos arranged in five tiers, the tier V 
gives rise to the hypocotyl and the tier m becomes the hypophysis cell but is 
exceptional in that the first wall is vertical (Fig. 46M). 

The first division in the hypophysis initial or cell, as a general rule, occurs 
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exactly as in the Onagrad Type (Fig. 46AA~AC). The upper daughter cell, by 
two cruciate walls, gives rise to the four initials of the root cortex, while the 
lower cell engenders the central portion of the root cap (Fig. 46AD). 

Radiola linoidcs agrees substantially with Linum cathcarticum but displays 
a greater regularity in the sequence of divisions. 

Mauritzon, J. 1934. Zur Kmbryologie einiger Gruniales, Svensk Hot. Tidskr. 28: 84-102. 
Sources, R. 1924. Embryog^nie des Linacees, D^veloppemcnt de I’t-mbryon cheZ Ic Linnm 
cathcarticum L. C. R. Acad. Sci. Paris 178: 1307-1310. 

Soi’kr.ES, R. 1937. D6veloppement de rembryon chez le Radiola linoidcs Roth. Bull. Soc. 
Bot, France 84: 297-306. 



Fig. 46. — Linum cathcarticum. Description in text. All X 420. (Redrawn from Sources 
1924). 


Zygophyllaceae:- For Tribtdus terrester there is depicted a linear proembryo 
of five cells of which all but the terminal one are much longer than wide. A 
satisfactory assignment is impossible. 

Mauritzon, J. 1934. Etwas tiber die Embiyologie der Zygophyllaceen sowie einige Frag- 
mente tiber die der Humiriaceen, Bot. Notiser 19341407~422. 
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Geraniaceae The embryonomy of Geranium molle is a curious mixture of 
those of Myosurus minimus and Erodium cicutarium. The four- and eight- 
celled proembryonic stages are constructed as in M. minimus] the cotyledonary 
and hypocotyledonary regions originate from the terminal cell and the hypo¬ 
physis region develops from the intermediate cell, but there is one singular 
difference in that only two of the four quadrants are segmented transversely 
to engender two cells which apj)ear to occupy the summit of the proembryo. 
These indicate a manifest tendency to differentiate an epiphysis resembling 
that in Erodium cicutarium. This epiphysis region never becomes as fully de¬ 
veloped as in the latter species but disapi)cars by the time the cotyledonary pro¬ 
tuberances appear. 

It would appear that G. fnolle should be placed under the Onagrad Type, 
despite the fact that the intermediate cell, w, contributes a substantial portion 
of the entire embryo, but adds nothing to the body proper. 

The embryonomy of Erodium cicutarium closely parallels that of Geum 
urhanum (Geum Variation, Asterad Type), the most significant difference 
residing in the fact that region n in the former species does not contribute to 
the construction of the suspensor. In the two species, an epiphysis absolutely 
identical in origin and functions is differentiated. 

Soul:c»ES, R. 1923. Embryogenie des Geraniacies. DeveloiJpement de I’embryon clicz 
VErodium cicutarium, C. R. Acad. Sci. I'aris 176: 1565-1567. 

SouEGES, R. 1923. Embryogenie des Geraniacies. Developpcment de I’embryon chez le 
Geranium molle L. C. R. Acad. Sci. Paris 177: 556-559. 


TropaeolaceaeThere are several old accounts of the embryogeny of vari¬ 
ous species of Tropaeolum^ but no conclusive evidence for the disposition of 
these species can be adduced. The terminal cell in the same species is said to 
divide in either plane. The most noteworthy feature is that the basal cell is 
claimed to segment longitudinally, especially in T. majus, whereupon each 
daughter divides separately to form two unequal divergent branches, one of 
which attains a length of three or four cells, the other of as many as 25 cells. 

Rrunotte, C. 19CX5. Rechcrchcs embryog6niques sur quelques espdees des genres Impatiens 
et Tropaeolum. Diss., Paris et Nancy. 

Dickson, A. 1876. On the embryogeny of Tropaeolum peregriniim (L.) and T. spcciosum 
(Endl, et Poepp.). Trans. Soc. Edinburgh 27: 223-235. 

Hegelmaier, F. 1878. Vcrgleichende Untersuchungen uber die Entwicklung dicotyledoner 
Keime mit Beriicksichtigung der Pseudo-monokotyledonen. Stuttgart. 

Leidicke, J. W. 1903. Beitriigc zur Embryologie von Tropaeolum tnajtis. Diss., Breslau. 


Oxalidaceae:- In Oxalis corniculata the rules which prevail in the construc¬ 
tion of the proembryonic tetrad, of the eight-celled proembryo, and of the 
twelve-celled pro-embryo, and those which later govern the processes of divi¬ 
sions in the eight elements which compose the upper region of the sixteen- 
celled proembryo are similar to those in the Asterad Type. Slight divergencies 
permit the erection of the Oxalis Variation under that Type. 

The four circumaxial cells composing region m in the sixteen-celled pro¬ 
embryo segment vertically (Fig. 47A~D); the external daughter cells are epi¬ 
dermal initials. In the four internal cells transverse walls are erected, in a 
very constant manner; they separate, internally, the initials of the root cortex 
(iec)f and, toward the upper part, those elements which by means of vertical 
divisions give the first elements of the periblem and plerome (Fig. 47E). The 
cells of the plerome segment longitudinally and transversely, or, inversely, 
first transversely and then longitudinally, and thus produce the first elements 
of the pericycle. The processes of differentiation of the initials of the root 
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cortex and the mother cells of the two internal histogens are, in sum, com¬ 
parable to those in Nicotiana. 

The two-celled region n of the sixteen-celled proembryo gives rise to the 
primordium of the root cap (Fig. 47C-“G). By longitudinal divisions they form 
four circumaxial cells which then segment transversely once or twice, to give 
the elements of the calyptrogen layer above and below these those elements 
which enter into the construction of the culminating portions of the cap. The 
elements originating from o enter whcflly into the construction of the same 
portions. The cell p is converted, through oblique divisions, into several large 
cells which together constitute a short suspensor. These become resorbed by 
the time the cotyledons have originated. 

Biophytum dendroides and B, sensitivum both conform to the Oxalis Varia¬ 
tion. 

Maxjritzon, J. ig34. Zur Embryologie einiger Gruniales. Svensk Bot. Tidskr. 28: 84-102. 
NOLL, W. 1935. Embryonalentwicklung von Biophytum dendroides DC. Planta 24:609-648. 
SouI:ges, R. 1939. Embryog6nie des OxalidaUes, D6veloppement de I’embryon chez 

VOxalis corniculata L. C. R. Acad. Sci. Paris 209: 698-700. 



Fig. 47. — Oxalis corniculata. Description in text. All X 350. {Re¬ 
drawn from SouioES 1939). 


Balsaminaceae:* The few stages depicted for proembryonic development in 
Impatiens sultani bear a strong resemblance to the corresponding stages in 
Oxalis corniculata (Oxalis Variation, Asterad Type). 

In Impatiens btdfourii, assignment is clearly to the Geum Variation, Asterad 
Type. Since the development of this species was followed more carefully than 
in the preceding species, the classification of the latter may possibly be in the 
Geum rather than in the Oxalis Variation. 

Events in Impatiens roylei are not so clear. 

Dahlgren, K. V. 0 . 1934. Die Embryologie von Impatiens roylei. Svensk Bot. Tidskr. 
28:103-125. 

Ottley, a. M. 1918. A contribution to the life history of Impatiens sultani. Bot. Gaz. 
66: 289-317. 

SotjiGES, R. 1945. Embiyog6nie des Balsaminac6es. D6veioppement de Pembryon chez 
VlmpoHens hatjourii Hook. C. R. Acad. Sci. Paris 220: 837-&10. 
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Lythrales 

Four of the eight families included in the Lythrales have never been in- 
vestigated: Crypteroniaceae^ Punicaceae^ Oliniaceae and Callitrichaceae. 

Lythraceae:- The embryonomy of Lytkrum salicaria bears a remarkable 
resemblance to that of the Onagrad Type. As a matter of fact, the sole differ¬ 
ence resides in the mode of origin of the hypophysis cell. In the Onagrad Type 
this cell is derived directly from the middle cell (m) of the proembryonic tetrad, 
while in Lythrum this cell divides transversely and the upper daughter cell 
becomes the hypophysis cell. It is on this basis that the Lythrum Variation 
differs from the main Onagrad Type. 

The following species all conform to the Lythrum Variation: Peplis patula, 
Nesaea syphilitica^ N, myrtijlora^ Ammania senegalensis, A. latojilia^ A. bac- 
cifera, A. multijlora, A. pentandra^ A. peploides and Woodfordia florihunda. 
Cuphea lanceolata digresses in that there are two superposed basal cells, then 
two tiers of two cells each. The basal cell derivatives apparently again divide 
once each, transversely, then the lowermost cell divides vertically several times 
and the cells become spread out and flattened. The development of the 
embryo proper, however, is much like that of Lythrum. 

The suspensor is variable in structure. It remains uniseriate in Peplis^ 
Nesaea and species of Ammania belonging to the subgenus Euammania^ while 
it becomes multiseriate in Cuphea and species of Ammania in the subgenus 
Rotala. 

JosHi, A. C., and J. Venkateswarlu. 1936. Embryological studies in the Lythraceae — III. 

Proc. Indian Acad. Sci., B, 3: 377-400. 

Mauritzon, J. 1934. Zur Embiyologie einiger Lythraccen. Meddel. Goteborgs Bot. TrSldg. 

9: I“2I. 

SouEGES, R. 1925. Erabryog^nie des Lytkracies. D^veloppement de Tembryon chez le 

Lythrum salicaria L. C. R. Acad. Sci. Paris 180: 1417-1418. 

Sonneratiaceae:- Dusbasya sonneratiMes conforms closely to the Lythrum 
Variation, Onagrad Type. 

Venkateswarlu, J. 1937. A contribution to the embryology of Sonneraiiaceae. Proc. In¬ 
dian Acad. Sci., B, 5: 206-223. 

Onagraceae > Perhaps the most fundamental type of angiospermic embry¬ 
onomy is that exhibited by the great majority of species belonging to the 
Onagraceae. The family constitutes a remarkably homogeneous embryological 
unit. The genus Trapa, placed in the Onagraceae by many taxonomists, must 
be excluded since it does not agree with any species in the family in either 
megagametogeny or embryogeny. 

The terminal cell of the two-celled proembryo is bisected longitudinally and 
the basal cell transversely; the second cell generation thus consists of two juxta¬ 
posed upper cells, a middle cell, w, which is also the hypophysis initial, and 
a lower cell, ci. The next division is simultaneous in both cells of tier q and 
bisects each longitudinally to form the quadrant stage. Each quadrant is next 
segmented transversely to give the octant stage; the upper tier is designated as 
I and the lower tier as Region / corresponds to the cotyledonary portion and 
the lower region V represents the hypocotyledonary portion. 

The middle cell m is the hypophysis initial and gives rise to the root tissues 
and to the root cap. The division in this cell, with exceptions in a few species, 
is characteristic. The wall which originally separated the terminal cell from the 
basal cell in the two-celled proembryo becomes somewhat diagonal and higher 
at the center than at the periphery; in other words, cell m has what might be 
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called a gabled roof/^ The ends of the wall in cell m are usually attached to 
this transverse roof about one-third of the way in from the peripheral wall. 
The wall is curved, so that the lower daughter cell has the shape of a watch 
glass and the upper daughter cell resembles a short cone with a curved basal 
wall. While one end of the wall is always attached to the primary zygotic wall, 
the other end may not join the latter wall but becomes extended in a straight 
line to meet the wall separating cell m from cell ci. This variation occurs rather 
commonly in Eidobus sceptrostigmay much less so in other species. When the 
wall is curved, the next division is in the lower daughter cell and bisects it 
vertically; when the wall is diagonal, the next division is in the cell with the 
broadest width of its upper portion adjacent to the embryo proper and seg¬ 
ments it diagonally. In either case, it is apparent that the immediate effect is 
the same. Both upper and lower daughter cells become transformed into two 
groups of four cells each through the erection of cruciately meridional walls. 
The derivatives of the upper daughter cell of m represent the initials of the 
root coTtex^iiec); the derivatives of the lower daughter cell are the initials of the 



Recapitulatory Table for the Onagrad Type 
(Jrom left to right) 


I. Fikst Cell Generation 
Proembiyo of two cells disposed 
in two tiers: 

ca *« pco -\-pvt-\- phy-^icc 
cb^iec-{-co -\-5 

II. Second Cell Generation 
Proembryo of four cells disposed 
in three tiers: 

q « pco-\-pvt-\-phy-\-icc 
m^iec+co 
ci^s 


III. Third Cell Generation 
Proembryo of six cells disposed 

in three tiers: 

The destinations of the three tiers are 
the same as in the preceding cell genera¬ 
tion. 

IV. Fourth Cell Generation 
Proembryo of twelve cells disposed 

in five tiers: 

I «« pco-^pvt 
y^phy+icc 

m ■« iec-\-co «(hypophysis) 


root cap. In the latter, vertical walls are first formed, followed by tangential 
walls, and the cells become extended by tangentially centripetal divisions of 
the innermost layer to develop the calyptrogen. Cell m may rarely be divided 
by a purely vertical meridional wall, as in Oenothera biennis^ followed by a 
second wall in each daughter cell and oriented perpendicularly to the first so 
that a tier of hypophyseal quadrants is produced. 

It appears that a diagonal wall in cell m is characteristic of primitive species 
in the family and of those which are more or less irregular in their embryonomy, 
while the peculiar curved wall alone occurs in the more highly evolved species. 
The oblique wall represents a partial transformation or transition from the 
transverse or longitudinal wall first formed in the hypophysis initial of many 
species in other families, and the curved wall is the completion of the transition. 

The lowest cell, a, divides transversely into two superposed cells, n and n\ 
Cell n does not ordinarily divide again, but cellmay do so, either transversely 
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or longitudinally. Save in a few species in which development is more or less 
anomalous, the suspensor rarely includes more than three evanescent cells. 

Among the species which conform exactly to the Onagrad Type are: Circaea 
pacijica, Gayophylum ramosissimum, Godetia amoefia, Stenosiphon linifolium, 
Hartmannia tetraptera, Galpinsia hartwegi, Epilobium angtistifoliumy E. fran- 
ciscanumy E. paniculatum (and probably all species included in the genus), 
Oenothera biennis^ Ludwigia palustris and Jussieua octonervia, 

Circaea lutetiana differs from the other species in the family in three im¬ 
portant respects: in the destinations of the derivatives of the basal cell {cb), in 
the origin and the mode of differentiation of the initials of the root cortex. In 
the Type, cb = iec -f 4 - 5 , but in C, luteiianay cb - co + s. At the fourth 
cell generation there are but twelve cells in place of the usual sixteen. Cell m is 
the upper daughter derivative of cell cb (as is the case in the Lythrum Varia¬ 
tion) ; it divides twice vertically to form a circumaxial tier of four cells which 
eventually provide the root cap. This behavior represents such a radical de¬ 
parture, though it is in no way questionable, from the normal proembryonal 
development in the family that it is desirable to await its discovery in other 
species before erecting a Variation to accommodate C. lutetiana. 

Stenosiphon linifolium is peculiar in that development of the embryo pro¬ 
ceeds after the green ovaries become abscissed from the stems and drop to the 
ground. 

There is considerable irregularity in the embryonomy of Clarkia elegans. 
Evidence of fasciation may be detected during the development of the embryo; 
the cells are irregularly arranged and are commonly binucleate and even trinu- 
cleate. Growth of the embryo is often unilateral with resultant production of 
only one cotyledon. Tricotyledonous embryos arc also frequent. 

Embryos are never formed in Anogra palliday and are rare in both species of 
Burragea {B.fruticulosa and occasionally they develop in normal 

fashion in the two latter species, but are frequently very irregular and in this 
respect resemble similar embryos in Clarkia elegans. 

The genus Fuchsia is predominantly parthenocarpic; the eggs are not fer¬ 
tilized and the megagametophytes slowly degenerate. 

Zauschneria latijolia exhibits numerous embryological peculiarities. Seven 
distinct types of embryos have been described: 

A. Perfectly normal diploid embryos. The endosperm is coenocytic, sometimes 
fai.iy abundant. 

B. Apparently normal embryos which, however, lack the typical regularity of cell 
organization. Cotyledons, a radicle or a plumule have never been found in any such 
embryos. The endosperm, if present, consists of from three to six very tiny nuclei in a 
mere vestige of cytoplasm. 

C. Atypical embryos which at first are columnar, then ovoidal and finally ellipsoidal. 
Endosperm is generally lacking. 

D. Embryos resulting from fertilized synergids. Endosperm is absent. 

E. Monocotyledonous embryos. Endosperm is absent. 

E. Embryos of apomictic origin. Endosperm is never present. 

G. Irregular embryos, including instances of budding. Endosperm is sometimes 
present. 

The normal embryos included in group A are most numerous and are easy 
to identify as such from the bicellular proembryonic stage onward. All the 
stages of normal embryonomy follow the typical Onagrad Type closely. The 
quasinormal embryos included in group B represent the second most numerous 
group. The earlier stages are much bulkier than the corresponding stages in 
normal embryos and the planes of division are scarcely regular. No hypo¬ 
physis is formed; consequently, mature embryos of this type lack a radicle. 




Johansen 


--170 — 


Embryology 


Unless carefully scrutinized, intermediate stages superficially resemble normal 
embryos; from the beginning the shape of the embryo is either ellipsoidal, 
ovoidal or urceolate, never globular as in normal embryos. The sizes and 
shapes of the individual cells, as well as their positions, vary greatly and the 
cell walls are quite thin in comparison with those of normal embryos. The 
suspensor is irregular and often comprises only two cells. Cotyledons have 
never been found on these embryos. 

Embryos belonging to group G may be merely variations of the preceding 
group. The earlier proembryonic stages consist of a linear row of three or four 
cells, of which at least the lower two belong to the suspensor. These cells, 
which would ordinarily develop into a typical massive suspensor, early de¬ 
generate and disappear, leaving a somewhat globular structure which hence¬ 
forth develops in much the same manner as in the preceding group. No em¬ 
bryonal organs of any nature have been recognized, save possibly for the 
epidermis. 

Group D embryos, derived from fertilized synergids, are discussed in the 
chapter on apomictic embryogeny. In Group E, several nearly mature pseudo¬ 
monocot yledonous embryos were observed; they are probably aberrant forms 
belonging to some other group. Budding of the suspensor to give rise to two or 
more embryos was often observed; such embryos are included in group G. 
These instances may represent cases of true polyembryony among angiosperms. 

When Oenothera muricata is pollinated with pollen from 0 . biennis^ irregular 
and sickly embryos are the result, or embryo-like outgrowths from the nucellus 
may be produced at the chalazal end of the embryo sac. Either normal¬ 
appearing or sickly embryos arise when O. lamarckiana is fertilized by pollen 
from 0 , biennis. 

Observations on species not mentioned in the following citations are original. 

Johansen, D. A. 1930. Studies on the morphology of the Onagraceae. II. I^mbryonal 
manifestations of fasciation in Clarkia clegans. Bot. Gaz. 90: 7S'"9i- 
Johansen, D. A. 1930. Studies on the morphology of the Onagraceae. IV. Stenosiphon Uni¬ 
folium. Bull. Torrey Bot. Club 57: 315-326. 

Johansen, I). A. 1931. Studies on the morphology of the Onagraceae. V. Zauschnvria laii- 
folia, typical of a genus characterized by irregular embryology. Annals New York Acad. 
Sci. 33:1-26. 

Johansen, 1 ). A. 1931. Studies on the moq^hology of the Onagraceae. VI. Anogra pallida. 
Amer. Jour. Bot. 18: 854-864. 

Johansen, I). A. 1932. Studies on the morphology of the Onagraceae. VII. Gayophytum 
ramosissimum. Bull. Torrey Bot. Club 60: 1-8. 

Johansen, I). A. 1934. Studies on the morphology of the Onagraceae. VIII. Circaea pa- 
cifica. Amer. Jour. Bot. 21: 508-510. 

Renner, O. 1915. Befruchtung und Embryobildung bei Oenothera lamarckiana und einigen 
verwandten Arten. Flora 107: 115-150. 

Soueges, R. 1920. Embryog6nie des Oenothiracies. D^veloppement de Tembryon chez 
VOenothera biennis. C. R. Acad. Sci. Paris 170: 946-949. 

SoutcES, R. 1935. Embryog6nie des OenotMracies. Les principaux termes du d6veloppe- 
ment de Tembryon chez le Ludwigia palustris Elliott. C. R. Acad. Sci. Paris 200: 1626- 
1628. 

SoxikGES, R. 1946. Embryog6nie des Oenoth6rac6es. D6veloppcmcnt de I’embryon chez le 
Circaea lutetiana L. C. R. Acad. Sci. Paris 223: 700-702. 

Trapaceae> The zygote of Trapa natans segments transversely, whereupon 
both derivative cells are divided in the same plane. A series of both transverse 
and longitudinal walls are next erected, resulting in a proembryo of about six 
tiers of cells with at least two cells in each tier and a unicellular basal tier. One 
account states that the suspensor always has a single cell at its distal end, but 
this is not borne out by the figures in the other account. This cell may oc¬ 
casionally divide longitudinally. As the proembryo grows, the suspensor cells 
closest to the embryo proper increase considerably in number but not in size 
and presently develop a collar-like protuberance which encircles the embiyo 
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proper; the side opposite the funiculus develops more extensively than does 
the other and attains a length almost exceeding the embryo. The suspensor 
cells below this region become irregularly inflated and convoluted, bearing an 
amazing resemblance to the suspensor system of certain Coniferophyta. The 
whole suspensor system eventually collapses and disappears. Growth of the 
embryo proper is comparatively slow at first. The basal cell apparently con¬ 
tributes nothing to the construction of the embryo proper. The latter becomes 
cylindrical in shape, with the cells arranged in rather definite tiers. 'I'he epi¬ 
dermis is early delimited, but the other histogens do not become recognizable 
until late in the development of the embryo. The two cotyledons are very 
unequal in size. 

Assignment is undoubtedly to the Solanad Type and the development 
closely parallels that of the Sherardia Variation, except in the construction of 
the suspensor system. It should be observed that the genus Trapa emphati¬ 
cally does not belong under the Onagraceae^ in which it has been placed by 
many taxonomists, since neither its megagametogeny nor its embryonomy 
conforms to the types of each characteristic of that family. 

Gibklli, (i., and F. Fkrrkro. 1891. Intorno alio sviluppo dcH’ovolo e del seme della Trapa 
nalans L. Malpighia 5; 186-218. 

Tison, a. 1919. Sur le suspeiiseur dii Trapa natans L. Rev. G6n. de Bot. 31: 219-228. 

Halorrhagaceae:- The two genera belonging to this family that have been 
investigated each belong to a different Type; the family therefore is not em- 
bryonomically homogeneous. 



e \ ^ K 

Fig. 48. — Myriophyllum alternifolium. 'nescription in text. {Redrau^n from Soui^.GKS 

1940). 


The zygote of Myriophyllum allernifolium divides into two very unequal 
cells: a flattened, small terminal cell and a vesicular basal cell (Fig. 48A). The 
latter divides first, in the vertical meridional plane, then the terminal cell is seg¬ 
mented transversely into two superposed cells, cc and cd (Fig. 48B). Cell cc is 
next partitioned vertically and cell cd transversely into cells m and ci (Fig. 48C). 
The two upper juxtaposed elements then divide longitudinally to produce four 
quadrants, and next transversely to engender four upper octants (os) and four 
lower octants (oi) (Fig. 48E). The upper octants produce the cotyledonary 
region ( 1 ); they divide by tangential walls, the outer daughter cells becoming 
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epidermal initials and the inner daughters then dividing by generally vertical 
walls to separate the mother cells of the cotyledons exteriorly and, interiorly, 
the elements which enter into the construction of the stem apex. The lower 
octants give rise to the upper portion of the hypocotyledonary axis (/'); they 
undergo vertical segmentations which separate the epidermal initials, then the 
periblem and plerome (Fig. 48H-’K). Transverse walls then follow these first 
vertical walls. 

The processes of division and the functions of the element m of the tetrad 
proembryo constitute a delicate point and perhaps the most debatable one in 
the course of development. This element presently produces four circumaxial 
cells (Fig. 48I), E). These cells then become partitioned by walls which are 
inserted at the lower end either on the vertical meridional walls or on the hori¬ 
zontal wall which separates region m from region n (Fig. 48F). There thus re¬ 
sults certain irregularities in the processes of cell construction in that portion 
of the embryo originating from region m. The second mode of division of the 
four circumaxial cells occurs more frequently and therefore might be con¬ 
sidered as being the general rule. The epidermal initials are separated by the 
first walls and succeeding walls delimit the j:)eriblem. In the central cells 
transverse walls separate, toward the base, the initials of the root cortex, and, 
toward the apex, those elements which enter into the construction of the 
central cylinder. There appear to be two superposed tetrads of root initials 
(Fig. 48J, K). 

The element ci of the procmbryonic tetrad is presently divided into two 
superposed cells, n and w' (Fig. 48D): n produces four circumaxial cells which 
contribute to the construction of the central portion of the root ca]); n' seg¬ 
ments most often in the vertical plane, then transversely and produces a re¬ 
duced suspensor (Fig. 48F-K). 

The embryogeny of Uippurus vulgaris very closely resembles that of the 
Veronica Variation, Onagrad Type. 

SoxjEGES, R. 1922. Recherches embryog^niqucs sur VHippurus vulgaris. C. R. Acad. Sci. 

Paris 175: 529-532. 

SoxjfeGES, R, 1940. Embryog^nie des Haloragacces. D^veloppemcnt de rembryon chcz le 

Mytiophyllum alternifolium DC. C. R. Acad. Sci. Paris 211: 185-187. 

Stolt, K. a. H. 1928. Die Embryologie von Myriophyllum alterniflofum DC. Svensk hot. 

Tidskr. 22: 305-319. 


T h y m e 1 a e a 1 e s 

Geissolomataceae > The earliest proembryonic stages of Geissoloma margi- 
nata were not followed out; the embryonomy is said to resemble that of the 
Penaeaceae; save that the long and linear cotyledons become differentiated at 
a much earlier stage and are far better developed. There is likewise no sus¬ 
pensor; all of the proembryo enters into the construction of the embryo. 

This species is doubtless assignable to the Penaea Variation, Asterad Type. 

Stephens, E. L. 1909. The embryo-sac and embryo of Geissoloma marginata. New Phytol. 
8: 345-348. 


Thyxnelaeaceae> In Daphne kiusiana and D, pseudomezereum the terminal 
cell of the two-celled proembryo divides longitudinally and the basal cell 
transversely. Older proembryos and apparently mature embryos are de¬ 
picted as becoming globular and there is no evidence of a suspensor, which 
leads to the conclusion that the basal cell goes completely into the fonnation 
of the embryo proper. It is highly probable that these species conform to the 
Penaea Variation, Asterad Type. 
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In Daphne mezereum^ on the other hand, the terminal and basal cells both 
segment longitudinally, though the wall in the basal cell is frequently very 
oblique. As with the two species mentioned above, there is no suspensor; con¬ 
sequently, this species also conforms to the Pcnaea Variation. D. laureola ap¬ 
pears to agree with the other species. 

Events are decidedly different in Thymelaea arvensis^ which conforms very 
closely to the Erodium Variation of the Asterad Type, including the formation 
of a suspensor and an epiphyseal region. 

OsAWA, L 1913. On the development of the pollen-grain and embryo-sac of ])aphni\ with 
special reference to the sterility of Daphne odora. Jour. Coll. Agr. Imp. Univ. Tokyo 
4: 237-264. 

Fuchs, A. 1938. Beitriige zur Embryologie der Thymelaeaceae, Oesterr. Bot. Zeit. 87:1-41. 
SoukoES, R. 1942. Fmbryog^nie des Thym6I6ac6cs. D6veloppement de I’embryon chez Ic 
Daphne mezereum L. C. R. Acad. Sci. Paris 214; 569 -571. 

Venkateswaklu, J. Development of the embiyo of 7 'hymelaea arvensis Lamk. Bot. Gaz. 
(in press). 


Penaeaceae In no species of the Penaeaceae has a suspensor been found 
at any stage of embryonal development. The first zygotic division is transverse, 
after which longitudinal walls are erected in both basal and terminal cells, 
and the whole of this spherical proembryo enters into the formation of the 
mature embryo. This early proembryonic behavior indicates adherence to 
the Asterad Type, but the lack of a suspensor and other differences necessitate 
the creation of a special Variation, the Penaea Variation. 

The embryo has a broad root tip, completely lacks a root cap, the hypocotyl 
is massive and the cotyledons are rudimentary. 

Species investigated include Penaea mneronaiay Sarcocolla squamosa y S, 
formosa and Brachysiphon imbricatus. 

Stopiiens, K. L. 1909. The embryo-sac and embryo of certain Penaeaceae. ;\nn. Boi, 23; 

363-378. 


Nyctaginaceae Oxybaphus viscosus agrees with the Polygonum Variation, 
Asterad Type, in all essential details. 

Boerhaavia dijfusa and B. repanda are very close in their embryonomy; 
from the description it appears that both are also referable to the Polygonum 
Variation. The disposition of Mirabilis jalapa is far less clear. 

Kajale.L. B. 1938. Embryo and seed development in the iVyc/agmaccac. I. Studies in the 
genus Boerhaavia. Jour. Indian Bot. Soc. 17* 243- 254. 

Rocen, T. 1927. Zur Embryologie der Centrospermen. Diss., Uppsala. 

Sources, R. 1938. Embryog^nie des Nyctaginac 6 es. D^veloppement de I’embryon chez 
VOxyhaphus viscosus L’H6rit. C. R. Acad. Sci. Paris 206: 1830-1832. 


Proteales 


Proteaceae:- The four-celled proembryo of Grevillea banksii consists of 
two tiers of two juxtaposed cells each; no suspensor is formed, all of the de¬ 
rivatives of both basal and terminal cells going into the construction of the 
embryo. Conformation to the Penaea Variation, Asterad Type, is therefore 
indicated. Grevillea robusta similarly seems to conform to the Penaea Variation. 


Brough, P. 1933. The life-history of Grevillea robusta Cunn. Proc. Linn. Soc. N. S. Wales 
58: 33 “ 73 * 

Kausik, S. B. 1939. Studies in the Proteaceae. III. Embryology of Grevillea banksii R. Br. 
Ann. Bot., n.s. 3: 815-824. 

Kausik, S. B. 1942. Studies in the Proteaceae. VII. The endosperm of Grevillea robusta 
Cunn., with special reference to the structure and development of the vermiform ap¬ 
pendage. Proc. Indian Acad. Sci., B, 16:121-140. 
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Dilleniales 

Neither of the two families, Dilleniaceae and Crossosomataceacy has ever 
been investigated embryologically. 

Coriariales 

The sole family, Coriariaceae, has been so superficially presented that no 
conclusions are possible. 

Mauritzon, J. 1936. Zur Embryologie und systematischen Abgrenzung dor Reihen Tercbitt' 
tholes und Celastrales. liot. Notiser 1936: 161-212. 

Pittosporales 

All three families {PittosporaceaCy Byblidaceae and Tremandraceae) remain 
unstudied. 


Bixales 

Only one of the seven families, the Cistaceae, has been investigated. The 
others include the Bixaceae, Cochlospermaceacy Flacourtiaceacy Samydaceacy 
Canellaceae and Frankeniaceae, 

Cistaceae:- Embryologically, the Cistaceae display a remarkably close re¬ 
semblance to the Linaceae. Helianthemum guUatumy for instance, is almost 
identical with Rctdiola linoides embryonomically; this species, together with 
Cistus manspelliensisy is referable to the Linum Variation, Solanad Type. 

CinARUGi, A. 1925. Embriologia della Cistaceae. Nuovo Giorn. Bot. Ital., n.s. 32: 223-316. 
SouicES, R. 1937. l)6veloppement de rembryon chez VHelianthemum guitalum Mill, Bull. 
Soc. Bot. France 84: 400-407. 


Tamaricales 

The Maiesherbiaceae are still uninvestigated. 

Tamaricaceae:- In Tamarix chinensis proembryo of four to seven 

cells is produced, but nothing is said as to their derivation. 

A linear proembryo of six to seven cells is formed in Tamarix ericoideSy but 
the derivation again was not described. Beginning with the uppermost cell, 
all cells appear to be segmented longitudinally. This species perhaps should 
be referred to the Sherardia Variation, Solanad Type. 

Puri, V. 1939. Studies in the order Parietales, I. A contribution to the morphology of 
Tamarix ckinensis Lour. Beih. Bot. Centralbl. 59: 335 - 349 . 

Sharma, Y. M, L. 1939. Gametogenesis and embryogeny of Tamarix ericoides Rottl. Ann. 
Bot., n.s. 3; 861-870. 


Fouquieriaceae:- Pouquieria pminsularis conforms to the Polygonum Vari¬ 
ation, Asterad Type. 

Johansen, D. A. 1936. Morphology and embryology of Pouquieria, Amer. Jour. Bot. 23: 
9S“99- 


Passif lorales 

Neither the Passifloraceae nor the Achariaceae have ever been investigated. 
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Cu curbitales 

All the families save the Datiscaceae have been reported upon. 

Cucurbitaceae:- Although considerable work has been done on various 
species of the Cticurbitaceacj the embryological affinities of the family are still in 
a very dubious condition. The embryogeny of Bryonia dioicOy although fol¬ 
lowed out in precise detail, does not by itself, as the original investigator re¬ 
marks, furnish the solution of the problem. It is conjectured that the secret 
is to be found among the primitive groups following the embryological type of 
the Ranunculaceae. 

The tetrad proembryo of Bryonia dioica presents two aspects; one whose 
lower cells, m and d, are separated by an oblique wall more or less approaching 
the vertical; and a second in which these two cells are separated by a clearly 
transverse wall. From these two types of tetrads are derived two series of pro- 
embryonic forms. 

The first series is derived from the tetrad with an oblique basal wall. Cell ci 
divides, usually transversely, into n and while cell m usually divides ob¬ 
liquely, the wall being more or less parallel to the peripheral wall. Cell 
engenders a short suspensor, while n together with m enters into the construc¬ 
tion of a true hypophyseal region which later produces the initials of the root 
cortex and the primordium of the root cap. 

The second series is derived from the tetrad with a basal horizontal wall. 
Cell ci divides transversely into two superposed cells, n and n', but here both 
cells enter into the construction of a short suspensor. Cell m divides by verti¬ 
cally cruciate walls to form four circumaxial hypophyseal quadrants in which 
the later divisions occur as in Myosurus. 

During the later growth stages it is impossible to determine whether an 
embryo was derived from the first or the second of proembryonic stages. 

The two upper cells of the tetrad, which are always juxtaposed, give rise 
by means of vertical walls to four quadrants which, however, do not always ap¬ 
pear to be disposed in a horizontal plane. Eight octants arise as derivatives of 
the quadrant cells; these are more or less disposed in two tiers, / and of 
which the former engenders the cotyledonary region and the latter the hypo- 
cotyl. In the octants the walls next formed are sometimes tangential, and at 
other times inclined to diverse planes. The irregularity of these divisions 
renders internal differentiation of the embryo very tardy and the internal 
histogens are scarcely distinguishable. 

B. dioica may provisionally be assigned to the Myosurus Variation since it 
clearly belongs under the Onagrad Type. It is possible that the two series of 
embryogenic types as found during the four- and eight-celled stages may rep¬ 
resent separate male and female forms, because in species with hermaphroditic 
flowers the same series of forms are encountered. 

Fevillea cordifolia appears to differ considerably from the other genera in its 
early embryogeny. The first few proembryonic divisions are apparently trans¬ 
verse; a later stage consisting of about ten cells has the lower cells flattened 
against the nucellus while the upper cells are separated by longitudinal walls. 
There is a strong suspicion that an epiphysis initial may be present. Two 
somewhat later stages, as depicted, do not show the appressed basal cells, but 
again reveal evidence of an epiphysis region. 

The earlier proembryonic stages in Cucumis sativus clearly reveal that an 
epiphysis initial is formed. The cmbryonomic relationship is probably with the 
Trifolium Variation, Onagrad Type. 
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Melothria pendular Apodanthera undulatay Bryonopsis laciniosay Tru 
chosanthes anguinay Momordica charantiay Luffa acutangulay Cucumis myrio- 
carpusy Lagenaria lagenaria (L. leucaniha)y Benincasa hispiday Citrullm vul¬ 
garis, Cucurhita pepoy Sicyos angulata and Micrampelis lohata appear to be all 
more or less alike embryologically; it is said that there are two or three trans¬ 
verse divisions of the zygote. The suspensor is short and ephemeral. 

Kirkwood, J. K. 1904. The comparative embryology of the Cucurhitaceae. Bull. New York 
Bot. Card. 3: 313-402. 

SoukcKS, R. 1939. P^mbryog(‘nie des Cucurhitacies. D6vcloppement de I’embiyon chez le 
Bryonia dioica Jacq. C. R, Acad. Sci. Paris 208: 227-229. 

Tillmann, O. J. iqo6. The embryo sac and embryo of Cucumis sativus. Ohio Nat. 6: 423- 
430. 

Begoniaceae Begmiia semperflorens follows the Lythrum Variation, 
Onagrad Type. 

SouEGES, R. 1939. Kmbryogenie des Begoniacees. D6veloppemeiit de I’embryon chez le 
Begonia semperflorens Link et Otto. C, R. Acad. Sci. Paris 208; 534-536. 

Caricaceae The embryonomy of Carica papaya is difficult to determine 
because of proembryonic irregularities. The zygote presumably divides trans¬ 
versely, after which both the basal and the terminal cells are segmented longi¬ 
tudinally. Divisions thereafter are rather irregular and it is not at all clear 
whether the basal cell contributes to the construction of the embryo proper. 
On the supposition that it contributes but little, then there is considerable 
resemblance to the Trifolium Variation, Onagrad Type. The basal cell, on 
the other hand, produces a peculiar lateral outgrowth reminiscent of that in 
Erythronium or Ttdipa. 

Foster, L.T. 1943. Morphological and cytological studies on Bot. Gaz. 105: 

116-126. 


Cactales 

Cactaceae:- A linear tetrad is produced in Rhipsalis cassythay but an ir¬ 
regular five-celled proembryo and a linear one of six cells are also depicted. 
Further illustrations show proembryos of three tiers of two cells each, of two 
tiers of two juxtaposed cells at the basal end plus two superposed upper cells. 
The latest stage figured shows an upper tier of four cells, then one of five cells 
(probably only four cells, one of which has segmented prematurely by an ob¬ 
lique wall), then a linear suspen.sor of eight cells. 

The description is too inadequate to allow determination of the Type to 
which R. cassytha conforms. 

Mauritzon, j. 1934. P'in Bcitrag zur .Embryologie der Phytolaccaceen und Cactaceen, Bot. 
Notiscr 1934: J11-135, 


Theales 

There is no report for any of the following families: Theaceae {Ternstroe- 
tniaceae), Medusagynaceae, Marcgraviaceaey Caryocaraceae, Saurauiaceae, 
Ochnaceac (except for Ochna serrulata), Ancislrocladaceaey Diplerocarpaceae 
and Chlaenaceae, 

Actinidiaceae:- Two different embryogenic schemes occur in Actinidia 
chinensis: one is referable to the Drosera Variation, Caryophyllad Type and 
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the other closely resembles that occurring in Hypericum perforatum (Onagrad 
Type, in general). 

SouiiGES, R. 1943. Embryog^nie des Actinidiac^cs. D6veloppement de Tembryon chez 
VActinidia chinensis Planch. C. R. Acad. ScL Paris 217: 430-432. 


Myrtales 

Combretaceae Poivrea coccinea conforms to the Erodium Variation, As- 
terad Type. 

ViSNKATESWARLU, J. Development of the embiyo of Thymelaea arvensis Lamk. Bot. Gaz. 
(in press). 

Lecythidaceae In Barringtonia vriesei there is formed a flattish proembryo 
whose derivation was not followed out. Later a suspensor, flatter and wider 
than the embryo proper, is distinguishable. 

Treub, M. 1884. Notes sur I’embryon, le sac embryonnairc et I’ovule. 5. L’embryon du 
Barringtonia vriesei T. et B. Ann. Jard. Bot. Buitenzorg 4: ioi-io6. 


Myrtaceae:- The embryogeny of Myrtus communis SLgroes most closely 
with that of Clematis among the Ranunculaceae^ with the earlier proembryonic 
stages resembling those of Myosurus and Ranunculus, Assignment of this 
species is perhaps best made to the Myosurus Variation, Onagrad Type, since 
the later divisions in the developing embryo are equally as irregular as in 
Myosurus. 

SoiriGKS, R. 1940. Kmbryog^nie des Myrtacies. D^veloppement de Tembryon chez le 
Myrtus communis h. C. R. Acad. Sci. Paris 210: 548-550. 

Melastomaceae:- A linear proembryo of about six cells is produced in 
Monochaetum ensiferum. The lower four or five cells comprise the suspensor 
and apparently divide no further. All of the embryo appears to develop from 
the uppermost cell of the filamentous row; presumably the best assignment of 
this species is to the Linum Variation, Solanad Type. 

Development is essentially similar in Centradenia floribunda. 

In Sonerila wallichii the basal cell segments transversely and the terminal 
cell longitudinally. The lower derivative of the basal cell (cell ci) is divided 
longitudinally, then the two juxtaposed daughter cells quickly produce a tier of 
eight somewhat inflated and more or less disjointed cells. The h)q)ophysis 
initial (cell m) may divide either transversely or longitudinally; the derivatives 
develop in much tiie same manner as in the Capsella Variation, Onagrad Type. 
However, since the peculiar suspensor development is not known in any other 
variation of that Type, Sonerila constitutes a variation by itself. 

SuBRAMANGAN, K. 1944. A contribution to the life-history of Sonerila wallichii Benn. Proc. 
Indian Acad. Sci., B, 19:115-120. 

Ziegler, A. 1925. Beitrfige zur Kenntnis des Androeciums und der Samenentwicklung 
einiger Mdasiomaccm, Bot. Archiv 9: 398-467. 

Rhizophoraceae:- The early embryogeny of Rkizophora mangle was not 
followed out in detail, but is said to be “probably of the Capsella Type,^^ 
although the evidence is unconvincing. The growth of the embryo is divided 
into three periods: (i) first growth of the cotyledons, (2) growth of the hypo- 
cotyl, (3) second growth of the cotyledons. During the first period of growth 
about one-third of the embryo and the greater part of the endosperm are 
forced out of the embryo sac and lie in the ovarian diamber. The second period 
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of growth is confined largely to the hypocotyl, but during this time the struc¬ 
ture of the two cotyledons undergoes considerable modification. During the 
third period of growth the cotyledons elongate and the point of junction be¬ 
tween them and the hypocotyl is forced beyond the apex of the ovary. At this 
time the embryo is approaching maturity. The cotyledons and the hypo¬ 
cotyl then separate and the hypocotyl drops, carrying the stem apex with it; 
while the ovary, containing the outer integument and cotyledons, remains 
hanging on the tree. 

In Rhizophora mt^cronata the youngest embryo found consisted of an un¬ 
differentiated mass of tissue with a massive suspensor. The suspensor of this 
species thus differs from that in R, mangle^ in which it is described as being a 
linear series of cells. The two cotyledons are fused throughout the greater part 
of their length, with the free tips closely appressed to one another. The 
growth of the cotyledons pushes the hypocotyl through the micropyle into the 
ovarian cavity; the hypocotyl then elongates and pierces the ovarian wall. 
The cotyledonary bend, which conceals the plumule, enlarges and when fully 
developed resembles a ‘‘Phrygian cap” and occupies almost all of the space 
within the ovule. In the final stage of development, the cotyledonary sheath 
elongates and the base of this sheath passes through the aperture of the fruit 
so that the concealed plumule and hypocotyl are free to drop into the mud in 
which the trees grow, there to continue development. 

Ceriops candolleana develops essentially as does Rhizophora mucronata^ 
save that the cotyledonary head is cylindrical at maturity. 

Caeey, G. 1934. Further investigations on the embryology of viviparous seeds. Proc. Linn 

Soc. N. S. Wales 59: 392-410. 

Cook, M. T. 1907. The embryology of Rhizophora mangle. Bull. Torrey Bot. Club 34:271- 

277. 


Hypericales (Guttiferales) 

The as yet uninvestigated families include the Eucryphiaceae and Quiina* 
ccas* 

H3^ericaceae> Hypericum perforatum and Androsaemum officinale have 
the identical embiyonomy; the latter species has been more carefully investi¬ 
gated and the following account is based on it. 

The terminal and basal cells of the two-celled proembryo are both seg¬ 
mented transversely to give a tetrad of four superposed elements (Fig. 49A, 
B). The uppermost cell, cc, is divided longitudinally into two juxtaposed 
cells, whereupon each daughter cell is partitioned by a longitudinal wall ori¬ 
ented perpendicular to the first to form the quadrant stage (Fig. 49C-F). 
By transverse segmentations of each cell of the quadrant, the octant stage is 
produced (Fig. 49G). The sequence of divisions in the terminal cell and the 
histogenic role of the resultant octant cells are comparable to those in the 
Onagrad Type. The element cd, sister cell to cc^ is divided horizontally into 
two superposed cells, m and ci (Fig. 49D); these are segmented, the first much 
sooner than the latter, transversely into new elements situated one above the 
other and more or less flattened (Fig. 490-!). Occasionally the cell d is di¬ 
vided longitudinally, as in Saxifraga granulata. It is ordinarUy the upper 
daughter cell of m (d) which becomes differentiated as the h3^ophysis cell 
(Fig. 49F), which in its mode of individualization, its processes of division and 
its functions is comparable to that characterizing the Onagrad Type, 

The cell /, sister of d, contributes, together with the derivatives of ci and 
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all the elements produced by the basal cell, ch^ to the construction of a con¬ 
siderably elongated suspensor (Fig. 49B-I). Despite the presence of longi¬ 
tudinal walls in a few of the cells derived from ch^ the suspensor should be clas¬ 
sified in the filamentous category. 

There are several exceptions in the embryogeny of Hypericum perforatum. 






H 


Fig. 49. — Androsaemum officinale. Description in text. All X 350. {Redrawn from 
Soi/^iGES 1936), 

For example, the terminal cell, ca, of the two-celled proembryo may divide 
longitudinally; in this case, the embryo proper necessarily takes its origin not 
from cc but from its mother cell, as in the Onagrad Type. Again, the cells m 
and d, derivatives of cd, often divide vertically — sometimes both, sometimes 
the one or the other alone —; when m divides vertically, it becomes the hypo¬ 
physis initial directly. Yet again, the hypophysis is frequently individualized 
not Lorn d, but from its upper daughter cell; this most often occurs in those 
embryos with extensively elongated suspensors. 

The following table recapitulates the cell generations as found in H. per¬ 
foratum, leaving the basal cell out of consideration after the first cell genera¬ 
tion: 




Recapitulatory Table for Hypericum perforatum 


I. First Cell Generation 
Procmbiyo of two cells disposed 
in two tiers: 

cc*- pvt+pco-^phy 
cd*-»cc-fcc-fupper portion of s 

II. Second Cell Generation 
Proembryo of four cells disposed 
in three tiers: 

cc""pvt-^pco-{-phy 
w—fccH-cc+r (in part) 
cf«-r (in part) 


III. Third Cell Generation 
Proembryo of six cells disposed 
in three tiers: 

The dispositions and destinations are the 
same as in the preceding generation. 

rV. Fourth Cell Generation 
Proembryo of twelve cells disposed 
generally in six tiers: 

I ^pvt+pco 

V^phy 

d^^iecArco 

(upper portion) 
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Soul’.GF.s, R. 1925. Embryog^nie des Hypericacies, D6veloppement chez VHypcricum 
perforatum L. C. R. Acad. Sci. Paris 180:949-951. 

SouECES, R. 1936. Embryog^nie des Hypericactes. D^veloppement de I’ernbryon chez 
VAridrosaemum officinale AW. C. R. Acad. Sci. Paris 202: 679-68T. 

SouEGES, R. 1936. Les relations embryog6niques des Crasstdaciesy Saxifragactes et Hyperv- 
caches. Bull. Soc. Bot. France 83: 317-329. 


Clusiaceae (Guttiferae) For Garcinia kydia a two-celled and two several- 
celled proembryos are depicted. Disposition of this species is problematical, 
but seems to be under the Onagrad Type. 

Treub, M. 1911. Le sac embryonnaire et Tembryon dans les Angiospermes. Ann. Sci. Nat., 
Bot. TT, 9: 1-17. 


Tiliales 

Tiliaceae:- Embryonomically, Tilia platyphyllos is very similar to Malva 
rotundifolia and, as with that species, may be assigned to the Urtica Variation, 
Asterad Type. The differences reside in the orientation of the walls in the 
derivatives of the basal cell and are probably not sufficiently important to re¬ 
quire erection of a different Variation. Entelea palmata appears to follow the 
same Variation even more closely than does T. platyphyllosy but the evidence is 
inconclusive. 

SouEGES, R. 1941. Embryog^nie des Tiliac^es. D^veloppement de Tembryon chez Ic Tilia 
platyphyllos Scop. C. R. Acad, Sci. Paris 212: 998-1000. 

Stenar, a. II. S. 1925. Embryologische Studien. I. Zur Embryologie einigcr Columni- 
feren. .\kad. Abhandl. Uppsala i: 1-197. 

Sterculiaceae:- The zygote of Theobroma cacao does not divide until some 
45 days after syngamy. Only a single stage is figured and described for this 
species; the orientation of all walls is markedly diagonal. The evidence is in¬ 
sufficient to determine the assignment of T, cacao. The occurrence of partheno¬ 
genesis, frequently described, is very doubtful. 

Cheesman, E. E. 1927. Fertilization and embryogeny in Theobroma cacao L. Ann. Bot. 
41: 107-126. 


Malvales 

Malvaceae > The embryonomy of Malva rotundifolia agrees very closely 
with that of the Urtica Variation, Asterad Type. 

Lavatera thuringiana apparently also follows the Urtica Variation. 

SouiGES, R. 1922. Embryog^nie des Malvac€es. D6veloppement de Pembryon chez le 
Malva rotundifolia L. C. R. Acad. Sci. Paris 175: 1435-1436. 

Stenar, A. H. S. 1925. Embryologische Studien. I. Zur Embryologie einiger Columni- 
feren. Akad. Abhandl. Uppsala i: 1-197. 


Malpighiales 

Nothing has been described for the Humiriaceae and Erythroxylaceae. In 
the Malpighiaceae five genera {HiptagCy Aspicarpa, Banisteria, Heteropteris 
and Stigmatophyllum) have all been described as reproducing solely by means 
of nucellar embryos. 

Rao, a. M. S. 1940. Studies in the Malpighiaceae. I. Embryo-sac development and em¬ 
bryogeny in the genera Hiptage, Banisteria and Stigmatophyllum, Jour. Indian Bot. Soc. 
18:145-156, 
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Euphorbiaceae:- The terminal cell of the bipartitioned zygote of Euphorbia 
exiguQ is divided longitudinally and the basal cell is segmented transversely. 
The two upper cells, designated together as g, are next partitioned vertically 
by walls oriented at right angles to the first longitudinal wall and shortly 
thereafter each quadrant, usually at a different time, is divided transversely 
into two layers, I and The upper four cells of the octant eventually give 
rise to the cotyledonary portion and the lower four cells to the hypocotyle¬ 
donary region. The subsequent order of divisions in the octant cells displays 
little regularity. The intermediate cell m gives rise to the hypophysis: two 
cruciate walls are first erected to give four circumaxial cells and each is shortly 
divided transversely. The upper four cells thus resulting give rise to the 
initials of the root cortex and the lower four represent the primordium of the 
root cap. The lowest cell, a, divides in a rather indeterminate manner to 
form a few-celled, conical suspensor. 

The embryogeny of Euphorbia greatly resembles that of the Ranunculaceae; 
the tetrad is erected in the same manner; the quadrants and octants are dis¬ 
posed similarly, take their origin from the same elements and give rise to the 
same embryonal regions; furthermore, the intermediate cell m acts as a hypo¬ 
physis initial and segments by essentially comparable processes, and finally 
the lowest cell, cij produces a suspensor whose origin, form and dimensions are 
manifestly similar. There are, however, minor differences which suffice to set 
the Euphorbia Variation apart from the Myosurus Variation: the lower cells 
segment much less actively than the upper cells, and again the cells at the root 
tip end of the developing embryo divide more rapidly in Euphorbia. 

Euphorbia procera^ E. esula, E. splendens and Acalypha australis conform 
to the Euphorbia Variation. Euphorbia mauritanica and E. preslii appear to 
develop differently. The former is said to have no suspensor, which leads to 
the inference that it develops much like E. preslii. The zygote of E. preslii is 
claimed to divide longitudinally, then each daughter cell is segmented trans¬ 
versely. Further divisions result in the formation of a globular embryo lack¬ 
ing a suspensor. Later the embryo becomes elongated and cotyledons and a 
well developed root cap are produced. These two species, therefore, should be 
assigned to the Scabiosa Variation, Piperad Type. 

The description of the embryogeny of Aleurites fordi is incomplete and 
puzzling. A figure of a late proembryo stage shows no apparent suspensor, 
though one is found on the older embryo; this figure also clearly reveals an ap¬ 
parent epiphysis initial. Such an initial is not known for any other species in 
the Euphorbiaceae; A. fordid therefore, requires reinvestigation. 

McCann, L. P. 1945. Embryolo©^ of the Tung tree. Jour. Agr. Res. 71: 215-229. 
Modilewski, J. 1909. Zur Embryobildung von Euphorbia procera. Ber. D. Bot. Ges. 
27: 21-26. 

Satkishi, S. 1927. On the development of the embryo sac and fertilization of Acalypha 
australis L. Bot. Mag. Tokyo 41* 477-485. (In Japanese) 

SoirkcES, R. 1924. £mbryog6nie des Euphorhiacies. D6veloppement de Tembryon chez 
VEuphorbia esula L. C. R. Acad. Sci. Paris 179: 989-991. 

SoukoES, R. 1925. D6veloppement de Tembryon chez VEuphorbia exigua L. Bull. Soc. Bot. 
France 72:1018-1031. 

Ventura, M. 1934. Sviluppo del gametofito femminile di Euphorbia mauretanica L. Ann. 
di Bot. 20: 267-27^ 

Wenioer, W. 1917. Development of embryo sac and embryo in Euphorbia preslii and E. 
splendens, Bot. Gaz. 63: 266-281. 
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Cunoniales 

All the families — Cunoniaceae, Brunelliaceae, Escalloniaceacy Greyiaceae^ 
and Hydrangeaceae — have never been studied embryologically. 

Grossulariaceae:- Certain species in Ribes, which apparently properly be¬ 
long in the GrossulariaceaCy are mentioned under the Saxifragaceae^ in which 
family they were placed by the original investigator. 

Rosales 

The families which remain uninvestigated include the Chailletiaceae 
{Dichapetalaceae) y CaXycanihaceae and Malaceae. 

Rosaceae:- The zygote of Geum urbanum is divided transversely into two 
very unequal cells (Fig. 50A). The basal cell is the larger one and is segmented 
first, in the transverse plane, into two superposed cells, m and ci (Fig. 50B). 
Shortly thereafter, the terminal cell in turn is divided by a wall which is always 
oblique. The two daughter cells, a and 6 , are very dissimilar. (Fig. soC). 
The destination of the four cells of the proembryonic tetrad is as follows: the 
two upper cells give rise to the cotyledonary portion, the intermediate cell m 
engenders the hypocotyledonary region and the lower cell, a, develops the 
initials of the root cortex, the root cap and the suspensor. 

The plane of division in the terminal cell may appear to be transverse if the 
embryo is microtomed either too thinly or in an incorrect plane. 

Bipartitioning of each element of the tetrad leads to the formation of the 
eight-celled proembryo. The intermediate cell m generally divides first, by a 
vertical meridional wall, to give two juxtaposed cells (Fig. 50C, D). Later 
the lowest cell, a, divides transversely into n and w'. Of the two upper cells, 
cell a is divided by an oblique wall oriented perpendicularly to the preceding 
one and thus gives rise to two new elements with one slightly below the other; 
while cell b is divided vertically by a meridional wall to give two juxtaposed 
elements. Segmentation of cell b generally precedes that of cell a. The four 
elements issuing from these two cells appear to occupy the four summits of 
a tetrahedron bounded on one of its faces by the horizontal wall limiting the 
upper side of tier m. The summit of the proembryo is occupied by a triangular 
cell (derived from cell a) which by its subsequent sequence of division and by 
its histogenic role is an epiphysis initial (e, Fig. 50D et seq,). It resembles that 
of Myosotis hispida and other plants, but in most of these the epiphysis initial 
is a unit of the fourth cell generation, whereas in G. urbanum it is a unit of the 
third cell generation. Nothing corresponding to octants is formed in G. «r- 
banum\ the two upper tiers I and of other types are not differentiated. 

The entire embryonic region derived from the original terminal cell is 
designated as q (Fig. 50D ei seq.). The daughter cells of cell b usually divide 
first; in Fig. soE are shown four nuclei separated by walls which are not 
visible in the plane of the figure. These walls may be tangential, thus isolating 
the first initials of the epidermis toward the exterior (Fig. soJ, O-Q); but 
most often they are oriented parallel or perpendicular to the preceding wall, 
thus separating from the derivatives of the first two elements issuing from 
cell b a quadrilateral cell and a triangular cell (this is best shown in transverse 
sections, and is diagrammed in Fig. 50L, M, in which the two daughter cells 
issuing from derivatives of V and are shown). 
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The lower daughter cell of cell a, sister to the epiphysis initial, is divided 
by a meridional wall into two juxtaposed elements, a' and (Fig. SoG-J, 
L, M). These sometimes segment by the same processes that occur in cells 



Fig. 50. — Geum mbanum. Description in text. A~E X 530; F-K X 380; L, M X 380; 
N-T X 350. {Redrawn from SoufeOES 1923). 

V and 6", but more frequently are divided by tangential walls, separating 
outwardly new initials of the epidermis. The central subepidermal cells 
presently divide vertically by tangential or rectangular walls to engender a 
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cellular plateau of which the most external elements give rise to the cortical 
and vascular meristems of the cotyledon, while the cells closest to the em¬ 
bryonic axis become the mother cells of the central cylinder of the stem. 

The epiphysis initial divides very tardily. A vertical meridional wall seg¬ 
ments it, in a very constant manner, into two juxtaposed cells (Fig. 50I, J); 
these, in turn, are divided by new vertical walls oriented perpendicular to the 
preceding one, to give four circumaxial cells (Fig. 50N, P). In these four cells 
tangential horizontal walls are next erected to separate two groups of four 
superposed elements (Fig. 50O, Q-S). The upper group represents the first 
cells of the epidermis at the stem apex, while the lower group constitute the 
first cells of the cortex (in other words, the first group represents the initials 
of the torus and the second the beginning of the corpus). When the cotyle¬ 
donary protuberances start to develop, the limits of the massive cellular epi¬ 
physis begin to disappear and presently they are no longer recognizable with 
certainty. 



Recapitulatory Table for Geiim urbanum 

(from left to right) 

III. Tihrd Cell Generation 
Proembryo of eight cells disposed 

in four tiers: 

qaspeo-^pvt 
m = phy+icc 
n^ieC"{-co-\-s (in part) 
n'^s (in part) 

IV. Fourth Cell Generation 
Proembryo of twelve to sixteen cells 

dispos^ in six tiers: 
q*‘pco-\-pvt 
m^phy-\-icc 
r« w4 *(in part) 

(in part) 

In the eight-celled proembryo tier m consists of two juxtaposed cells (Fig. 
SoC). They first divide by vertical meridional walls to give four circumaxial 
cells (Fig. 5oD~K). These in turn divide by walls which are usually tangential, 
and cut off the first elements of the epidermis externally (Fig. 50N-P). New 
vertical walls, which may be either tangential or parallel to the meridional 
walls, soon separate the two internal histogens, periblem and plerome (Fig. 
50O, P). Shortly thereafter the first transverse walls appear in the epidermal 
initials, then in the periblem elements (Fig. soR~T), while the cells of the 
plerome segment longitudinally to give exteriorly the first elements of the 
pericycle. The primordia of the three histogens thus delimited continue to 
multiply according to the ordinary rules to erect the hypocotyledonary axis. 
The initials of the central cylinder at the root end take their origin from the 
lowest elements of the plerome. The epidermal cells of region m become 


I. First Cell Generation 
Proembryo of two cells disposed 
in two tiers: 

ca^pco-\-pvt 

cb^ phy-^-icc+iec+co-hs 

II. Second Cell Generation 
Proembryo of four cells disposed 
in three tiers: 

q^pco+pvt 

m»phy+icc 
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divided tangentially and much later contribute to the construction of the 
lateral portion of the root cap. 

The cell which represents region n in the eight-celled proembryo becomes 
divided transversely into two superposed cells, r and t (Fig. 50H, K-P). Oc¬ 
casionally, the wall which divides these two cells has one end attached to the 
upper wall which separates tiers m and n (Fig. 50J); in this case, cell n is con¬ 
verted directly into a hypophysis cell and the suspensor is derived solely from 
cell w'. Most often, however, the wall is disposed in a purely horizontal plane; 
in such instances, the lower daughter cell, /, enters into the construction of the 
suspensor and the upper cell, r, behaves in its turn like the element n from 
which it was derived. It may be transformed directly into a hypophysis cell 
or segmented horizontally into two new cylindrical elements (Fig. 50N), of 
which the upper one necessarily differentiates as a hj^^ophysis cell, while the 
other adds further units to the suspensor. Processes of segmentation in the 
hypophysis cell are identical with those occurring in Capsella (Fig. 50P-S). 

Cell n! always divides transversely into two superposed cells, 0 and p (Fig. 
50I et scq.). Later derivatives, together with those from element t or the lower 
daughter cell of r, enter into the construction of a filamentous suspensor of 
very variable dimensions. 

The laws governing the embryonomy of Geum urbanum may be recapitu¬ 
lated as shown in the table on the opposite page. 

The tribe Potentilleae of the Rosaceae has a very uniform embryogeny. 
The embryonomy of Potentilla reptans^ for instance, agrees exactly with that of 
Geum urbanum. 

Cultivated varieties of strawberries (Fragaria si)p.) have frequently been 
described in the older literature as producing adventitious embryos, but an 
examination under precise modern conditions of several hundreds of seeds 
of three separate varieties failed to reveal other than embryos derived from 
regularly fertilized eggs. The embryonomy of Fragaria is precisely like that 
of Geum urbanum. 

SouEGES, R. IQ22. Embryog6nie dcs Rosacees. Lcs premiers stades du d^veloppement de 

Tembryon chez le Geum urbanum h. C. R. Acad. Sci. Paris 174: 1070-1072. 

SouI:ges, R. 1922. Embryog^nie dcs Rosac 6 cs. Lcs derniers stades du d^veloppement de 

I’embryon chez Ic Geum urbanum L. C. R. Acad. Sci. Paris 174: 1197-1199. 

SouEGES, R. 1923. D^veloppement de I’embryon chez le Geum urbanum L. Bull. Soc. Bot. 

France 70: 645-660. 

Sou^XES, R. 1935. Observations embryologiques sur quelques Fragaria dc culture. Bull. 

Soc. Bot. France 82: 458-461. 

SouEGES, R. 1935. Embryog6nie des D6veloppcment de Pembryon chez le 

(illa replans C. R. Acad. Sci. Paris 200: 1972-1974. 


Amygdalaceae The fruits of various edible species of Prunus develop in 
three clearly defined stages. In Stage I there is a period of rapid development 
of the pericarp beginning at about the time of full bloom. State II is a period 
of retarded pericarp development during midseason. Stage III is a period of 
rapid pericarp development just prior to fruit ripening. 

The length of each of these periods varies with the species, the variety of 
a given species, and the season. In the latitude of CJeneva, New York, Stage I 
in Prunus cerasus has a duration of seventeen days; in P. avium it continues 
for twenty-one days, and in P. persica for forty-nine days. Stage II is directly 
correlated with the season of fruit ripening. Early-ripening varieties have a 
short period of retarded development, in contrast to a longer p>eriod for late- 
ripening varieties. Stage III is variable and continues until final ripening. 

Development of the embryo also progresses in three distinct stages, but 
not necessarily parallel with those of the pericarp. While the pericarp, nucellus 
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and integuments are in Stage I following full bloom, the embryo is in a state 
of arrested development which terminates abruptly in a rapid increase in 
growth at just the time that Stage II of development of the pericarp com¬ 
mences. The initiation of rapid increase of the embryo is further correlated 
with the initiation of hardening of the stony pericarp and with attainment of 
maximum size by the nucellus and integuments. In late-ripening varieties the 
rapid development of the embryo continues to maximum size during Stage II. 
Seed formation proceeds to maturity, and late-ripening varieties are char¬ 
acterized by viable seed. In the case of early-ripening varieties, on the other 
hand, Stage III of pericarp development begins before the embryo attains 
full size, and such varieties are characterized by numerous abortive or non- 
viable embryos. 

In Prunus perslea the embryo develops slowly during Stage I and is still 
“microscopic” fifty days after full bloom; at the beginning of Stage III it 
enters on a period of rapid development which continues until it attains maxi¬ 
mum size. In the case of very early-ripening varieties, Stage III is initiated 
while the embryo is in this period of rapid development, but the embryo fails 
to reach maturity and aborts. In the case of late-ripening varieties, the be¬ 
ginning of Stage III does not occur until the embryo is nearly mature, and the 
seed is viable. 

No detailed studies on the embryonomy of any species in the Amygdalaceae 
are available; it is said that in Prunus persica the zygote does not divide until 
about twelve days after fertilization and embryo development is extremely slow. 
A linear four-celled proembryo is produced, but nothing is said of its origin or 
subsequent development. Young and developing embryos of P, avium and 
P. cerasus are ellipsoid to pyriform in shape and show no suspensors and no 
resemblance to the Geum Variation so prevalent in the related Rosaceae. 

Bradbuky, D. 1929. A comparative study of the developing and aborting fruits of Prunus 
cerasus, Anier. Jour. Bot. i6: 525-542. 

Harrold, T. J. 1035. Comparative study of the developing and aborting fruits of Prunus 
persica. Bot. Gaz. 96: 505-520. 

Tukey, H. B. 1933. Embryo abortion in carly-ripcning varieties of Prunus avium. Bot. 
Gaz. 94: 433-468. 

Tukey, H. B. 1936. Development of cherry and peach fruits as affected by destruction of the 
embryo. Bot. Gaz. 98: 1-24, 

Tukey, H. B., and F. A. Lee. 1937. Embryo abortion in the peach in relation to chemical 
composition and season of fruit ripening. Bot. Gaz. 98: 586-597. 


Malaceae:- Development of the pericarp, nucellus and integument^, and 
embryo is similar in Pyrus malus to some details in the stages of development 
in similar parts in species of Prunus, described above, but here there are no 
such stages in the development of the fruit since it is accessory (stem) tissue. 

Tukey, H. B., and J. O. Young. 1942. Gross morphology and histology of developing fruit 
of the apple. Bot. Gaz. 104: 3-25. 


L e g u m i n 0 s a 1 e 6 

Caesalpiniaceae:- Caesalpinia mimosoides resembles Cercis siliquastrum 
(Mimosaceae) in its embryogeny, but here the sequence of divisions is some¬ 
what more regular. 

Guignard, L. i88i. Rechcrches sur Tembryog^nie des Ligumineuses, Ann. Sci. Nat., Bot. 
VI, 12: 5-166. 


Mimosaceae:- In Acacia baUeyana the zygote divides transversely, where¬ 
upon both basal and terminal cells divide longitudinally. The division in the 
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basal cell is decidedly oblique and the larger of the two daughter cells retains 
its individuality, whether it divides again or not, until the cotyledonary pro¬ 
tuberances appear. After the four-celled stage, the proembryo grows rather 
irregularly. There is no root cap. The best diagnosis that can be made for 
this species is that it follows the Trifolium Variation, Onagrad Type, save that 
a suspensor is not formed. 

Proembryo development in Acacia relinoides agrees with that of A, bailey- 
ana, save that the larger of the two basal cells soon loses its identity. The 
embryo of A. farnesiana at the stage just before the cotyledons appear is very 
similar to the corresponding stages of A. rciinoideSy as are those of Mimosa 
pudica and M. denhariii at somewhat earlier stages. 

Cercis siliquasirum differs somewhat from Acacia and Mimosa at the six- 
celled stage. Here there are three juxtaposed cells separated by vertical walls 
in the basal region and three similar cells in the terminal half. One of the walls 
in the latter region is oblique and is suggestive of the formation of an epiphysis 
initial. This cell preserves its identity for several subsequent divisions but 
presently becomes indistinguishable. The basal cell forms a massive suspensor. 

It is evident that there are two types of embryogeny in the Mimosaceae^ one 
with and the other lacking a suspensor. 

Guignard, L. 1881. Recherches sur rembryog6nic des Ligutnineuses. Ann. Sci. Nat. liot. 
VI, 12 : 5-166. 

Newman, I. V. 1934. Studies in the Australian Acacias IV. The life history of Acacia 
baileyana F. v. M., Part. 2, Gametophytes, fertilization, seed production and germina¬ 
tion, and general conclusions. Proc. Linn. Soc. N. S. Wales 59: 277-313. 

Papilionaceae (Fabaceae) The embryonomy of species belonging to the 
Papilionaceae is perplexing; a great deal of careful study of all the genera is 
required before the situation can be fully elucidated. Both the Onagrad 
(Trifolium and Lotus Variations) and Caryophyllad (Medicago Variation) 
Types are represented, and it appears that species in the same genus may 
follow different Types (Trifolium), The family is further characterized by the 
greatest diversity in the structure and formation of the suspensor. Very often 
it is exceedingly difficult to determine whether the basal cell contributes to the 
construction of the embryo proper, so that the assignment of certain species 
can only be considered as provisional pending more critical examination. 

A rough separation of the genera into seven groups, based on the presence 
or absence of a suspensor, and on its structure when present, was proposed 
long ago by Guignard (who also included species properly belonging to the 
Mimosaceae) and may be of some value in classifying embryological tyjDes: 

X. Suspensor lacking: Hedysarutn coronarium (and probably most species in the tribe 
Hedysareae), 

2, Suspensor rudimentary, three- or four-celled: Soja^ Amphicarpaeay Trifolium 
(some species, at least). 

j, Suspensor composed of two pairs of cells lying irregularly crosswise one above the 
other. The micropylar pair are much lengthened, the other globose; both contain 
numerous coenocytic nuclei: most genera in the tribe Viceae (with the marked exception 
of Ciccr ari€tinum)y such as Lathyrusy Pisumy Orobus and Vida. 

4. Suspensor composed of a filament of a variable number of cells: Ononis. 

5. Suspensor formed of a greater or lesser number of cell pairs, which may be ar¬ 
ranged one over the other in the same plane: most species of Lupinns] or in regular al¬ 
ternation: Cicer arieiinum. 

6 . Suspensor in the form of a lengthened cellular body whose elements are very sim¬ 
ilar to those of the embryo proper: Medicagoy Trigonella; or very little differentiated: 
Galegay Lotus] or usually blended indistinguishably: Phaseolus. 

7. Suspensor in the form of a pyriform or globular cellular body whose cells differ 
from those of the body of the embryo in form, number, plane of division and contents: 
Trifolium minus. 
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However, the most logical procedure is to classify the embryos according 
to the Type and Variation followed, describing the most completely known 
examples first, then citing those species which appear to conform to the same 
embryonomic laws. 

Lotus Variation^ Onagrad Type, — Lotus corniculatus in the earlier pro- 
embryonic stages follows the typical Onagrad Type of development but after 
the four-celled stage it is almost impossible to determine the sequences of di¬ 
vision with certainty. There are certain resemblances to the Myosurus Varia¬ 
tion; and again, there are other points of resemblance to the Datura Variation 
of the Solanad Type. 

A fairly large suspensor composed of very irregularly shaped cells is i)ro- 
duced; it is almost indistinguishably connected to the derivatives of cell m of 
the tetrad embryo, which have the appearance of being a stalace. 

Trifolium Variation, Onagrad Type. —Whereas the Trifolium Variation 
appears to be well grounded in fact, the assignment to the Type is somewhat 
problematical. The Variation is based upon the embryonomy of T. minus, but 
the assignment to the Onagrad Type is based upon other species and upon the 
eventual destination of each cell of the four-celled proembryo. 



Fio. 51. — Trifolium minus. Description in text. A-G X 500; H X 350; I X 180. {Re¬ 
drawn from Soufecpis 1927). 

In Trifolium minus the terminal cell of the two-celled proembryo divides 
by a vertically oblique wall to form two dissimilar juxtaposed cells, a and b 
(Fig. siA). Shortly afterwards the basal cell is divided by an equally oblique 
wall into two juxtaposed cells (Fig. SiB). The succeeding walls in the daughter 
cells of the basal cell are erected in very variable planes; they result in the 
formation of a globular or oblate suspensor and do not contribute to the con¬ 
struction of the embryo proper. 

Cell a is bisected by an oblique wall oriented perpendicular to the first wall, 
and cell ^ by a median, more nearly vertical wall (Fig. 51 C). The upper daugh¬ 
ter cell resulting from the division of cell a is the epiphysis initial (e), identical 
with that of Geum and other species. The three cells below the epiphysis initial 
divide as a general rule by vertical walls and presently six cells are recognizable 
in this horizontal layer (Fig. siD, E). Each of these cells becomes partitioned 
transversely, with the result that two distinct tiers of cells are formed. Soon 
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the elements of the upper tier {pc)^ situated directly beneath the epiphysis, 
commence to divide either vertically or tangentially; while the elements of the 
lower tier {pc')^ situated directly above the suspensor, become segmented 
transversely, and give rise to two new tiers, ph and h (Fig. 51F, G). 

The epiphysis initial divides by a vertical wall into two juxtaposed cells, 
which in turn are partitioned by new vertical walls, then by transverse walls, 
thus giving rise to two superposed tetrads of cells (Fig. 51!^ G). The upper 
tetrad is considered as representing epidermal initials, while the lower tetrad 
represents the initials of the cortex of the stem apex (or, in other words, tiie 
tunica and corpus initials, respectively). The cells of the two tetrad groups 
multiply but little during the earlier growth of the embryo; at the time of 
origin of the cotyledons they still form a distinct group but shortly afterwards 
the distmetion is completely effaced. 

The cell tier, pc, immediately below the epiphyseal region, becomes ex¬ 
tended to the right and left by both vertical and periclinal walls (Fig. 51D-G). 
The central cells thus resulting become part of the central cylinder of the stem, 
while the lateral derivatives contribute to the development of the cotyledons. 
All the elements of the subepiphyseal layer, pc, therefore, represent the cotyle¬ 
donary portion of the embryo. 

The tier ph, on the contrary, corresponds to the hypocotyledonary p)ortion 
of the embryo. The transverse walls produced in both the internal and peri¬ 
pheral regions of this tier form two new layers. A third is soon developed to¬ 
ward the upper portion adjoining the cotyledonary region (Fig. 51H). At 
the same time vertical or tangential partitions are established throughout the 
parts corresponding to the hypocotyledonary region, which thereby becomes 
massive. It is only at the time of origin of tie cotyledons that the epidermal 
initials are definitely developed; shortly after, the periblem and p>lerome are 
in turn differentiated. At this moment the equatorial plane which separates 
the cotyledonary and hypocotyledonary regions disappears (Fig. 51I). 

The tier h adjoining the suspensor proper gives rise to the hypophyseal 
region. There is a certain degree of regularity in the segmentation of this tier; 
when first recognizable, it consists of four cells, two peripheral and two central 
(Fig. siG). Each becomes divided transversely to give rise to two new tiers 
(Fig. 51H). By successive transversal segmentations, the lower tier gives rise 
to four longitudinal series of elements which are always distinct. In the upper 
la>er the peripheral elements are segmented tangentially and form the lateral 
portion of the root cap; the circumaxial elements, after several transverse 
divisions precede the longitudinal ones, engender the initials of the root cortex 
toward the upper end and the initials of the calyptrogen toward the base 
(Fig. siI). 

Other genera which probably conform to the Trifolium Variation include 
the following: Spartium, Cytistis, Genista, Crotalaria, Ononis (?), Teiragono- 
lobus, Phaseolns and Onobrychis, Some of these may be discussed further. 

Trifolium pratense, T, hybridum, T, resupinatum, T. repens, Spartium 
junceum, Cytisus laburnum, C. alschingeri, Tetragonolobus purpureus, Ono¬ 
brychis petrea and Phaseolus multijlorus are among the species that have been 
studied. In Anthyllis telraphylla the early proembryonic development is like 
that in Trifolium minus. After the first longitudinal division of the basal cell 
of the two-celled proembryo, a second vertical wall is erected in each daughter 
cell at right angles to the first wall, whereupon all four cells are segmented 
transversely. None of these eight cells divides further, as a rule, but each 
grows in an outward direction to become a sort of inflated vesicle. Together 
they occupy the entire space at the micropylar end of the embryo sac. The 
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embryo proper begins as a single cell which first divides in the longitudinal 
plane, then again in the same plane but with the walls oriented perpendicular 
to the first one and next all four quadrant cells are segmented transversely. 
Certain species of Ononis appear to follow the Trifolium Variation, others the 
Medicago Variation. 

Medicago Variation^ Caryophyllad Type. — In Medicago lupulina the termi¬ 
nal cell of the two-celled proembryo divides transversely into two supeq^osed 
cells, cc and cJ, while the basal cell, cbj generally remains undivided (Fig, 52A). 
If it should divide it does not produce more than a few cells which are attached 
to those of the suspensor. This behavior therefore indicates that this species 
belongs under the Caryophyllad Type; there are many points of resemblance 
to the Sagina Variation, but the differences are such that another Variation is 
necessary. 



Fig. 52. — Medicago lupulina. Description in text. A-C X 390; 
F'-H X 330. (Rcdraivn from Souegks 1927). 


Cell CC of the three-celled proembryo divides vertically and its sister cell, 
cd, horizontally (Fig. 52B). The two upper cells next are segmented vertically, 
to form quadrants, then each quadrant is divided transversely to engender 
eight octant cells (Fig. 52C-E). There is little regularity in the divisions that 
occur in cell m; it most often divides vertically (Fig. 52C-E), but it may divide 
transversely. Cell ci generally divides transversely into two superposed ele¬ 
ments, n and «' (Fig. S^C). All the elements issuing from w, ci and cb give rise 
to a large, elongated suspensor composed of cells whose form and dimensions 
clearly distinguish them from those of the embryo proper. 

The four upper octants sometimes segment by means of vertical walls per¬ 
pendicular to the meridional walls, but most often by horizontal walls parallel 
to the equatorial wall. It is extremely difficult to determine the order and 
orientation of the succeeding walls. All these divisions eventually result in the 
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formation of three or four layers of cells of which the outermost are differ¬ 
entiated as the epidermis. Later the cotyledons and stem apex originate from 
this hemispherical mass. 

In the four lower octants (/') the first walls are i)erpendicular to the merid¬ 
ional walls, then transverse walls appear so that the region consists of two 
tiers of cells {ph and h, Fig. 52E-G). The upper tier ph represents the hyi)o- 
cotyl; by vertical, then transverse segmentations, the limits of the three his- 
togens are tardily distinguishable. The lower tier h corresponds to the hypo¬ 
physeal region; it engenders the initials of the root cortex and the central 
portion of the root cap (Fig. 52G, H). Development of regions ph and h is 
much like that in Trifolium minus. 

Orohus angustifolius and O. aureus (possibly both are species of Lalhyrus}), 
Pisum sativuMy Lathyrus heterophylluSy L. odoratusy L. aphaca, Ervum erviUOy 
Vida narhonnensis and F. americana — in fact, probably all species assigned 
to the tribe Videae — form a most peculiar ^‘middle piece’’ and suspensor, 
both with numerous coenocytic nuclei. The detailed account for Pisum 
sativum as given below will serve for all these species. 

The zygote of P. sativum divides transversely, whereupon the basal cell is 
segmented longitudinally and the terminal cell transversely into m and cc. 
Cell cc is the equivalent of tlie original terminal cell and all of the embryo 
proper is derived from it; cell m divides longitudinally and becomes the ‘‘middle 
piece,” while the two juxtaposed elements of the basal cell do not divide again. 
The first segmentation in cell cc is longitudinal; the orientation of this wall is 
at right angles to that in cell m below. The nuclei in the two juxtaposed basal 
cells multiply at a rapid rate without cytokinesis, at the same time that these 
cells elongate and broaden. The nuclei in the “middle piece” likewise pro¬ 
liferate but not to such an extent as do those in the two suspensor cells. The 
total number of nuclei in each of the two suspensor cells of P. sativum eventu¬ 
ally reaches 64, while each cell of the “middle piece” has half that number. 

Growth of the embryo proper is rather slow. After the first division in 
cell cCy each derivative is segmented transversely, but it is said that in P, 
sativum the derivatives divide by longitudinal walls perpendicular to the first 
wall and then all four quadrants are segmented transversely to produce octants. 
It is entirely conceivable that there may be variations in the sequence of di¬ 
visions in the two cells derived from cc, even in the same species. 

The following species also conform to the Medicago Variation: Melilotus 
albay M. arvensiSy M, officinalisy Vida sepiumy Orobus tuberosuSy Lathyrus spp.; 
Lupinus spp.; Galega spp.; Hedysarum nutans, Erythrina cristagalli, Medicago 
sativa, M.falcata. 

Ervum hirsutum represents a transition form between the Medicago and 
Myriophyllum Variations, in that development in the derivatives of cell ca 
develop as in the former, while cell cb is segmented longitudinally as in the 
latter, but the cells do not become appreciably inflated. Orobus vernus, unlike 
O. tuberosusy conforms very closely to the Fumaria Variation, Caryophyllad 
Type. 

In Lupinus polyphyllus the earlier proembryonic development has been 
described and figured, but matters are a little puzzling. At the eight-celled 
stage, the embryo proper consists of two juxtaposed and very small cells, with 
six globular and more or less detached cells below. Apparently these cells are 
part of the suspensor, but it is difficult to conceive of their assuming a globular 
form and then becoming more or less separated. A similar situation is found 
in Zr. hartwegi and Z. varius, while in Z. mutabilis, Z. cruikshankii and Z. 
truncatus there is an even greater number of globular cells, and the extreme 
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devel^ff)ment occurs in L. siicculentus in which fourteen pairs of superposed 
cells were found. In almost all species the embryo is pushed around the side 
of the embryo sac cavity until it reaches a position near the chalaza. 

Cook, M. T. 1924. Development of seed of Crotalaria bagiitalis. Bot. Gaz. 77: 440-445. 

C'ooPKR, J\ C. 1933. Macrosporogcncsis and embryology of Melilohis. Bot. Gaz. 95: 143- 
155 - 

Cooper, 1 ). C. 1935. Macrosporogcncsis and embryology of Medicago. Jour. Agr. Res. 51: 
471 - 477 - 

Cooper, D. C. 1938. Embryology of Pisum sativum. Bot, Gaz. 100: 123-132. 

Gui(;naki), L. 1881. Recherches sur Fembryog^nie des L 6 gumineuses. Ann. vSei. Nat., Bot., 
VI, 12; 5-196. 

Martin, J. N. 1914. (A)m[)arativc moriihology of some Leguminosae. Bot. Gaz. 58:154-167. 

Soui:r,ES, R. 1927. Embryog6nie des Ligumincuscs. D6veloppemcnt du proembryon clicz 
le Trifolium minus Rehl. C. R. Acad. Sci. Paris 184: 1018. 

SoiiFges, R. 1927. Embryog6nie des L^gumhivust s. Les derniers stacles du d6veloppemcnt 
de Tembryon chez le Trifolium minus Rehl. C. R. Arad. Sci. Paris 184: 1196. 

SouEGEs, R. 1927. Kmbryog6nic des LSgumineuscs. T.es premiers stades du d6veloppement 
de Tembryon chez le Medkago lupulina L. C. R. Acad. Sci. Paris 185: 1062-1064. 

SouEGES, R. 1927. Embryog6nie des iJgumincuses, Les derniers stades du d6veloppement 
de I'embryon chez le Medicago lupulina L. C. R. Acad. Sci. Paris 185; 1206-1208. 

SoiiEGES, R. 1929. Recherches sur I’embryogenie des JJgumineuscs. Bull. Soc. Bot. France 
76: 93-112; 33 i^" 34 ^>; 527-540- 

SouEGES, R. 1946. Embryogdnie des Papilionacces. D6veloppement dc Tembryon chez le 
Mclilotus arvensis Vallr. C. R. Acad. Sci. Paris 222: 1361-1363. 

SouEGES, R. 1946. Embryogenie des Papilionacies, D^veloppement de I’embryon chez 
VOrohus verntis L. (Lathyrus vernus Bernh.). C. R. Acad. Sci. Paris 223: 60-62. 

SoiJEGES, R. 1946. Embryogenie des Papilionacees. D6veloppement de I’embryon chez le 
Vida septum L. C. R. Acad. Sci. Paris 223: 389-391. 

SouEGES, R, 1946. Embryogenie des Papilionacces. Dcveloppement dc I’embryon chez 
VOrobus tuherosus L. {Lathyrus macrorrhizus Wimm.). C. R. Acad. Sci. Paris 223: 493- 
4 Q 5 - 

SouEGES, R, 1946. Embryogenie des Papilionacces, Dcveloppement de I’embryon chez 
VErvum hirsutum L. {Vida hirsute S. F. Gray). C. R. Acad. Sci. Paris 223: 838-840. 


H a m a m e 1 i d a 1 e s 


The Bruniaceae, Eticommiaceae and Myrothamnaceae have never been 
investigated embryologically, while in the Hamamelidaceae^ Buxaceae and 
Platanaceae the available information is very scanty and of practically no 
service in determining assignments of the species concerned. 

Hamamelidaceae;- Hamamelis virginiana is said to produce a linear pro¬ 
embryo of five or six cells; there are two enlarged terminal cells and three or 
four small flattened cells in between. Nothing is said of their origin. The 
embryonic terminal cell is next segmented vertically. 

Shoemaker, D. N. igo^. On ihctdQvdopmtnioi Hamamelis virginiana. Bot. Gaz. 39: 248- 
266. 

Buxaceae:- Buxus sempervirens conforms to the Onagrad Type, but the 
illustrations do not bear out the investigator's opinion that it follows the Cap- 
sella Variation. Simmondsia californica forms a slightly irregular embryo; 
while it may also conform to the Onagrad Type, this is doubtful since suf¬ 
ficiently early stages were not available. 

Wiger, J. 1935. Embryological studies on the families Buxaceae^ Meliaceae, Simarubaceae 
and Burseraceae, Thesis, Lund. 

Platanaceae:- All that has been described of the embryonomy of Platanm 
acerifolia (?) is that a linear tetrad is produced. 

Bretzler, E. 1924. Beitiilge zur Kenntnis der Gattung Platanus, Bot. Archiv 7 ; 388-417. 
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Salicales 

Salicaceae:- The embryonomy of Salix triandra agrees with the Poly¬ 
gonum Variation, Asterad Type. The following other species also appear to 
agree with the same Variation: S, petiolaris, 5 . glaticophylla, S. cordata and 
5 . tristis. 

Chamberlain, C. J. 1897. Contril)Ution to the life history of Salix. Bot. Gaz. 23: i47-“i79. 
SoijJ:ges, K. 1923. Kmbryog6nie des Salicach's. D6veloppement de Tembryon chez le Salix 
triandra L. C. R. Acad. Sci. Paris 177: 1234-1237. 


Garryales 

GarryaceaeThe zygote of Garrya elliptica becomes an elongated tubular 
structure, then a transverse wall cuts off a cell at the outer tip and two addi¬ 
tional walls are erected in the same plane and close to the first wall. Unfortu¬ 
nately, however, it is not at all clear in which cells the latter two walls are 
developed; hence it can only be surmised that the terminal cell segments trans¬ 
versely. The lower half of the long suspensor region then divides repeatedly 
by approximately transverse walls. From ten to fourteen cells are produced. 
I^ater those cells lying nearest the embryonal end, in addition to those in the 
center of the filamentous row, divide longitudinally. Still later longitudinal 
segmentations may occur in any of the cells toward the embryonal end of the 
suspensor, so that the suspensor region ultimately consists of two definite parts: 
(/) the distal half, which is a long tube with the end next to the micropyle 
slightly swollen, and {2) the proximal half, which is a cellular filament. Each 
segment of this filament consists of one or two cells or a plate of four cells. The 
suspensor henceforth remains in approximately this condition. The three cells 
oi the proembryo proper each segments lengthwise to form three horizontal 
tiers of two cells each. Almost immediately a second longitudinal wall is 
erected in each daughter cell, in a plane perpendicular to that of the preceding 
wall, so that each tier now consists of four cells. The cells of the terminal tier 
are then segmented by periclinal walls to delimit exteriorly the epidermal ini¬ 
tials. The cells of the tier adjacent to the suspensor do not undergo a corre¬ 
sponding segmentation. 

That G. elliptica is assignable to the Solanad Type is evident, but so many 
essential points are obscure that the classification cannot be carried further. 
However, there are certain resemblances to the Sherardia Variation. It is 
noteworthy that a hypophysis is apparently not developed. 

Hallock, F. a. 1930. The relationships of Garrya. The development of the flowers and 

seeds of Garrya and its bearing on the phylogenetic position of tlie genus. Ann. Bot. 44: 

771-812. 


Leitneriales 

Leitneriaceae:- The first wall formed in the zygote of Leiineria Horidana 
may be either transverse or longitudinal. Divisions follow in rapid order, but 
there is said to be no fixed sequence. The information is so scanty that it is 
impossible to assign this species with certainty; if the longitudinal segmentation 
of the zygote is a regular occurrence, disposition would be under the Piperad 
Type. 

PrsirrER, W. M. 1912. The morphology of Leiineria floridana. Bot. Gaz. 53: 189-203. 
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Myricales 

Th^single family, Myricaceae^ is embryologically unknown. 

B a 1 a n 0 p s i d a 1 e s 

The New Caledonian family Balanopsidaceae has never been investigated. 

Fagales 

There are no reports for two of the families — Betulaceae and Corylaceae. 

Fagaceae:- The four-celled proembryo of Quercus veluiina is depicted as 
having a large basal cell and three juxtaposed cells above it, the latter pre¬ 
sumably being derived from the terminal cell. At about the time the epi¬ 
dermal initials are being delimited, the basal cell divides once vertically; the 
suspensor remains two-celled at all stages of further growth of the embryo. 
Subsequent divisions in the upper cells of the proembryo are extremely ir¬ 
regular. 

Q. velutina clearly belongs under the Onagrad Type. Since there is no 
perceivable hypophysis, and as the behavior of the terminal cell is very similar 
to that in Trifolium minuSy it is probably best placed in the Trifolium Variation. 

Conrad, A. II. igoo. A contribution to the life history of Quercus. Bot. Gaz. 29: 408-418. 

Casuarinales 

CasuarinaceaeInterpretation of the embryonomy ot Casuarina equiseti- 
folia depends upon whether or not a hypophysis occurs; in the original account 
this important feature is not mentioned. One figure, however, indicates the 
presence of a hypophysis initial which segments vertically; on this basis, there¬ 
fore, assignment is definitely to the Alyssum Variation, Onagrad Type. 

SwAMY, B. G, L. 1944. A preliminaiy note on the embryology of Casuarina equisctifolia 
Forst. Proc. Indian Acad. Sci. 20, B: 187-191. 

Urticales 

The uninvestigated families include the Barbeyaceae^ Scyphostegiaceae and 
Cannahinaceae, 

Ulmaceae:- The terminal cell of the two-celled proembryo in both tJlmus 
americana and V. ftdva divides transversely. The basal cell apparently does 
not divide again. The upper daughter of the terminal cell next divides lon¬ 
gitudinally and is followed by a transverse segmentation in the cell next below. 
Both species certainly belong in the Solanad Type, and probably to the 
Nicotiana Variation. 

In Holoptelea iniegrifolia the basal cell divides transversely and the terminal 
cell longitudinally. Quadrants and octants are next produced in the typical 
Onagrad Type fashion. There is no indication of the formation of a hypophysis. 

Capoor, S. P. 1937. The life history of Holoptelea iniegrifolia Planch. Beih. Bot. Centralbl 
57 *- 233-249- 

Shattuck, C. H. 1905. A morphological study of Ulmus americana. Bot. Gaz. 40: 209-223. 
Walker, R. I. 1938. Macrosporogenesis and embryo development in Ulmus fulva. Bot. Gaz. 

99: 592-598- 
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Moraceae:- The proembryo of Ficus carica is a linear tetrad; subs^'quent 
development is stated to resemble that of Vrtica pilidifera, but since the ter¬ 
minal cell divides transversely (in contrast to the longitudinal segmentation in 
the latter species), this is hardly correct. 

The description of the embryogeny of Artocarpus integrifolia is confusing. 
To judge from the illustrations, some of which represent oblique sections, it is 
clear that the basal cell divides transversely and the terminal cell longitudi¬ 
nally. Subsequent events render it probable that this species conforms to the 
Urtica Variation, Asterad Type. 

The proembryonic tetrad of Sireblus asper is similar to that of the preceding 
species, but the structure of the indistinct suspensor precludes assigning 5. 
asper to the Urtica Variation, although it certainly belongs under the Asterad 
Type. 

Rao, a. M. S. 1940. Cytology and embryogeny in Artocarpus integrifolia Linn. Jour. My¬ 
sore Uni v. 2, II: 63'-73. 

Rau, M. a. 1942. Development of the embryo-sac and embryo in Sireblus asper Lour. Jour. 
Mysore Univ. 2, B: 109-114. 

CoNDiT, I. J. 1931. Tl’he structure and development of flowers in Ficus carica L. Diss., Stan¬ 
ford Univ. 


Urticaceae:- The embryogeny of Urtica pilulifera agrees very closely with 
that of the Asterad Type. The differences are all secondary: (i) two sup- 
epidermal layers are differentiated in the cotyledonary region; (2) two super¬ 
posed groups of four initials are formed at the radicular summit of the cortex; 
(j) the suspensor consists of a single vesicular cell or a small number of such 
cells, and {4) the form of the cotyledons is sharply obcordate at the base. 

The four-celled proembryo is formed exactly as in the Onagrad Type (Fig. 
53A), but the destination of each cell is different: the two upper cells engender 
the cotyledonary portion, the intermediate cell m gives rise to the hypocotyle¬ 
donary axis, and from the derivatives of the basal cell ci are developed the 
initials of the cortex, the central portion of the root cap and the suspensor. 
The eight-celled proembryo arises as a result of the division of each of the four 
tetrad cells. The lowest cell, a, divides transversely into n and n'; the element 
m divides meridionally into two juxtaposed cells; and each of the two upper 
cells is divided vertically to engender four circumaxial cells which are custom¬ 
arily called quadrants (Fig. 53B). This eight-celled proembryo closely re¬ 
sembles that of the Ranunculaceae, 

The sixteen-celled proembryo arises by the bipartitioning of each cell of 
the eight-celled proembryo. At this period of development important varia¬ 
tions in the planes of cell division occur. The three elements of the three lower 
tiers, w, n and w', are segmented in the ordinary manner: cell w' is divided 
transversely into 0 and p (Fig. 53C, D); the element n is divided meridionally 
into two juxtaposed cells, and the two cells of tier m are divided by vertical 
walls to engender four circumaxial cells. 

The four elements of the upper layer, now designated as q, are divided not 
by transverse but by oblique walls: each wall has its outer insertion in the 
center of the peripheral wall and the inner insertion at a point about three- 
fourths of the way in on the horizontal wall which separates the two tiers q and 
m (Fig. 53 C). This wall isolates two cells which present different aspects 
when viewed in median longitudinal sections of the proembryo. The one ad¬ 
jacent to the axis is generally the larger of the two and appears essentially 
quadrilateral, while the other, outer one is triangular. These cells may be 
designated as a and b respectively (Fig. 53C). Tier q now consists of four ele- 
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ments a and four elements 6. In element a the wall next to be formed is trans¬ 
verse: the outer daughter cell is an epidermal initial, which thereafter multi¬ 
plies in the ordinary fashion; the inner daughter cell later divides transversely 
(as a general rule), thus producing two superposed subepidermal elements, 
€ and i, which later undergo anticlinal cytokinesis and give rise to two layers 
which are prominent in the embryo at the moment of origin of the cotyledonary 
protuberances (Fig. 53D, E). In other instances, the internal cell arising 
from a is segmented vertically several times before transverse walls appear. 
Finally, the wall in a may be oblique, separating two very unequal cells: one is 
smaller and triangular in outline and the other is pentagonal. The latter, 
situated adjacent to the axis, is segmented horizontally only to give two super- 
])ose(l elements. The triangular cell may be considered the mother cell of the 
row from which is derived the internal cortical meristems of the cotyledon; it 
may be designated as me* (Fig. 53F). In effect, it is the derivatives of me* 
which develop, by means of anticlinal divisions, the entire upper or internal 



Fig. 53. — Urtica piltdifera. Description in text. A-C X 670; D-F X 420; G~I X 180. 
(Redrawn from Soueges 1921). 

cortical layers of the young cotyledon; while the derivatives of the two super¬ 
posed cells adjoining the axis, solely by means of anticlinal divisions, differenti¬ 
ate the two subepidermal layers which occupy the intercotyledonary de¬ 
pression before theformation of the first leaves or of the stem apex (Fig. 536, 
H). 

In the element b the first wall is radially vertical, and the wall in each 
daughter cell is also vertical (Fig. S3D, E). The outer cell thus formed is an 
epidermal initial, while the inner cell has the same triangular outline of the 
original cell b and becomes divided trangentially (Fio. S3F). The inner 
daughter cell represents a plerome initial and gives rise to the vascular meri¬ 
stems of the future cotyledon; its sister cell is a periblem initial and contributes 
to the formation of the external cortical meristems of the same organ. These 
cells may be respectively designated as mv and me (Fig. S3F~H). It is very 
difficult to describe with precision the order of divisions in these two cells. 

In the sixteen-celled proembryo tier m consists of four cells exactly alike 
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(Fig. S3D). Each divides by a tangential wall; the resulting external daughter 
cell is an epidermal initial and in each of the internal daughter cells a wall 
which is usually tangential differentiates periblem and plerome initials (Fig. 
53F, G). Sometimes the wall in the internal daughter cell is parallel to the 
meridional wall and the separation of the two histogens is not accomplished 
until after the erection of a new wall perpendicular to the preceding one in the 
larger of the two cells thus formed. The epidermal initials subsequently multi¬ 
ply in the ordinary manner by means of radial, vertical and horizontal seg¬ 
mentations. Shortly after the cotyledons have originated the elements of the 
epidermis adjoining tier n are divided tangentially and contribute to the 
formation of the most elongated portion of the root cap (Fig. 53I). 

The tier n is composed of two elements in the sixteen-celled proembryo: 
both divide longitudinally to give four circumaxial cells, and the latter in turn 
are divided either tangentially or parallel to one of the two meridional walls 
(Fig. 53D-G). In transverse section these cells give the appearance of being 
in two concentric layers. The four elements of the peripheral layer are divided 
by vertically radial walls; finally there is established, either by horizontal walls 
which give rise to two superposed cells in which tangential walls are presently 
erected, or directly by means of tangential walls, two elements of the root cap. 
The four internal elements arc again divided in the vertical plane, either tan¬ 
gentially, perpendicularly to the meridional walls, or, in an exceptional manner, 
obliquely. In short, there is differentiated in this region two series of cells: the 
one internal and circumaxial, and the others placed between the preceding 
ones and the peripheral elements (Fig. 53H). In these two series of cells hori¬ 
zontal walls differentiate two very distinct layers of four upper elements and 
four lower elements (Fig. 53I). These eight elements may be regarded as the 
initials of the root cortex (co). 

The single cell representing tier 0 in the sixteen-celled proembryo is seg¬ 
mented vertically to give two juxtaposed cells; these in turn divide by similar 
meridional walls (Fig. 53D~H). These four cells may divide in either of two 
ways: as a general rule, they divide horizontally to give rise to two groups of 
four superposed elements (Fig. 53I); less frequently, they may be segmented 
longitudinally to engender a cellular plateau of four central elements and eight 
peripheral elements. The four central ceils are next segmented horizontally. 
The two cell layers thus differentiated give rise to the central portion of the 
root cap. The elements of the lower layer multiply by anticlinal segmentations 
and constitute the most external row of the root cap; the elements of the upper 
layer may imdergo one or two vertical partitionings but generally are seg¬ 
mented by horizontally tangential walls to form an apparent third layer of the 
cap. These tangential divisions characterize the mode of functioning of the 
calyptrogen. 

It is thus evident that the root cap possesses a triple origin since three 
regions of the proembryo concur in its formation: region 0 in its entirety forms 
the central portion; the peripheral cells of tier n and several elements of the 
epidermal cells of tier m form the lateral portions. The origin of this structure 
is the same as in Senecio vulgaris. 

Tier p gives rise to the suspensor (Fig. S3D et seq.). This single cell may 
become transformed directly into a large vesicle which may be either flattened 
or elongated, or it may divide transversely into two cells. The upper cell re¬ 
mains narrow and presents the aspect of a short pedicel connecting the embryo 
to the large vesicular lower cell. 

The embryogeny of VrHca cannabina, U. dioica, Laportea moraides and 
Fleurya aestuans is exactly like that of Vrtica pilulifera. 
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Reduction divisions do not occur in the megasporocyte of Elatostemma 
sessile; the egg develops into a diploid embryo without fertilization. E. acumi¬ 
nata fluctuates in its behavior: it may develop normally, in which case its 
embryonomy is similar to that of Vrtica pilulifera; or it may behave much 
like E, sessile. E. pedunculosum is claimed to follow the Urtica Variation, al¬ 
though the evidence is somewhat inconclusive; in one instance two three-celled 
proembryos were observed in the same embryo sac but their origin was not 
explained. 

Fagerlind, F. 1944. Die Samenbildung und die Zytologie bei agamospermischen und sex- 
uellen Arten von Elatostcma und einigen nahestchcnden Gattungen nebst Beleuchtung 
einiger damit zusammenhangcnder Probleme. Kungl. Svenska Vetenskap. Handl. Ill, 
Bd. 21, Nr. 4. 

Modilewski, J. 1908. Zur Samencntwicklung einiger Urticifloren. Flora 98; 423-470. 
SoukoES, R. 1920. Fmbryog(;nic dcs D^veloppement dc Tembryon chez I’t/r/fVa 

pihilijera L. C. R. Acad. Sci. Paris 171: 1009-1011. 

SouEGES, R. 1921. I)6veloppement de Pembryon chez VUrtica pilulifera. Bull. Soc. Bot. 
France 68: 172-188, 280-294. 

Strasburger, E. 1910. Sexuclle und apogame Fortpflanzung bei Urticaceen. Jahrb. Wiss. 
Bot. 47: 245-288. 


Celastrales 

Only one of the eleven families {Aquifoliaceae^ EmpetraceaCy Corynocar- 
paceaCy CyrillaceaCy Cneoraceae, Pandaceae, Hippocrataceacy Icacinaceaey 
Salvadoraceacy Stackhousiaceae) has been studied embryologically. 

Celastraceae In Evonymus europaeuSy the terminal cell of the two-celled 
proembryo is segmented transversely, and each daughter cell in turn is divided 
transversely so that a row of four superposed cells is attached to the single 
basal cell. Longitudinal divisions begin first in the outermost cell and progress 
successively to that next to the basal cell. Apparently the basal cell con¬ 
tributes nothing to the structure of the embryo proper. This species appears 
to follow a typical Sagina Variation, Caryophyllad Type, course of develop¬ 
ment. Celastrus scandens seems to develop similarly. 

Anderson, A. 1931. Studien Uber die Embryologie der Familien Celastraceaey Oleaceae und 

Apocynaceae, Lunds Univ. Arsskr., N. V. Avd. 2, 27: i-iio. 


Olacales 

Neither family of the two included in the order — Olacaceae and Opiliaceae 
— has ever been studied. 


Santalales 

The uninvestigated families include the Octoknemaiaceacy Grubbiaceae and 
Myzodendraceae. Conditions in the Loranthaceae are extremely puzzling (see 
the chapter on apomictic embryogeny), 

Loranthaceae:- The LoranihaceaCy on the whole, have not been investi¬ 
gated with sufficient thoroughness, but the main details of proembryo develop¬ 
ment are ascertainable. In general, the zygote elongates considerably before 
dividing in the strictly longitudinal plane. The two-celled proembryo then 
elongates still further, whereupon several transverse walls are erected to form 
from four to eight tiers of two cells each. All cells except the two terminal ones 
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constitute the suspensor. In some species there are several megagametophytes, 
almost all of which may be fertilized and a number of proembryos are thus pro¬ 
duced but only one survives to maturity. In most of the older accounts the two 
terminal cells are depicted as being separated, but this is probably a fixation 
artifact. Their further development has not been carefully described. In a 
few of the species the suspensor remains straight {Scurrula atropurpurea) ; in 
most it becomes considerably twisted. 

The older accounts concern species in the genus Loranthus before it was seg¬ 
regated into other genera. To give the modern designations, the species in¬ 
vestigated were: Dendrophthoe falcata {L, bicolor)^ I>. pentandra (L. pentandrus), 
Scurrula parasitica (L. scurrula) and Macroselen cochinchinensis (L, glohosus 
and L, sphaerocarpus). The genus Loranthus as now constituted remains unin¬ 
vestigated. Other species that have been studied include Viscum articulatum 
(in which the zygote elongates considerably but segments transversely about 
thrice near the terminal end) and Scurrula atropurpurea (in which the zygote 
presumably divides longitudinally, but the cells adjacent to the proembryo 
proper segment longitudinally rather than transversely). 

All species in which the zygote segments longitudinally are assigned to the 
Dendrophthoe Variation, Piperad Type. 

The mature embryo of Korthalsella opuntia and Ginalloa linearis is said to 
possess two cotyledons and to lack a suspensor. Their early embryogeny was 
not followed out adequately. 

Griffith, W. 1838. Notes on the development of the ovule of Loranthus and Viscum, 
Trans. Linn. Soc. London 18: 71-91. 

Griffith, W. 1844. On the ovulum of SaniaUim^ OsyriSy LoranthuSy and Viscum. Trans. 
Linn. Soc, London 19: 171-214. 

Rauch, K. v. 1936. Cytologisch-embryologische Untersuchungen an Scurrula atropurpurea 
Dans, und Dendrophthoe plutandra Miej. Ber. Schwes. Bot. Gcs. 45: 1-61. 

Rutishauser, a. 1937. Bltitenmorphologische und embryologische Untersuchungen an dem 
Viscoideen Korthalsella opuntia Men. und Ginalloa linearis Dans. Ber. Schwez. Bot. 
Ges. 47: 5-28. 

Treub, M. 1881. Observations sur les LoranthacieSy I et II, Ann. Jard. Bot. Buitenzorg 2: 
S 4 ” 73 - 

Treub, M. 1882. Observations sur les LoranthacieSy III. Ann. Jard. Bot, Buitenzorg 3: 


Santalaceae:- The first division in the zygote of Santalum album separates 
a small terminal cell and a large basal cell. The next two walls are longitudinal 
in Doth terminal and basal cells. The two daughter cells of the terminal cell are 
next segmented transversely. Subsequent divisions follow no regular sequence. 
The segmentation of the suspensor cell is delayed; it appears that the basal 
cell contributes at least partially to the construction of the embryo proper. 
Tricotyledonous embryos are not exceptional in S. album. 

Events appear to be much the same in Thesium wightianum and Osyris 
arborea. In these it is claimed that a longitudinal wall in the terminal cell of 
the two-celled proembryo is succeeded by a transverse wall, but it is more 
likely, to judge from the figures, that a second longitudinal wall is formed be¬ 
fore the transverse segmentation occurs, as was described above for Santalum 
album. 

The proembryo of Thesium montanum is depicted as consisting of a single 
basal cell and a tier of four circumaxial terminal cells. 

The evidence for assignment of the Santalaceae is none too satisfactory. 

Iyengar, G. S. 1937. Life-history of Santalum album L. Jour. Indian Bot. Soc. i6: i7S“*i9S- 
Rao, L. N. 1942. Studies in the Santalaceae. Ann. Bot., n. s. 6: 151-175. 

ScHULLE, H. 1933. Zur Entwicklungsgeschichte von Thesium montanum Ehrh. Flora 127; 

140-184. 
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BalanophoraceaeMost of the species in the Balanophoraceae are prob¬ 
ably apomictic, but there exists a certain degree of uncertainty (see further 
the chapter on apomictic embryogeny). 

In Blanophora dioica syngamy was not actually observed, but there is no 
reason to doubt that it occurs. The egg is at first spheroidal but soon becomes 
oviform. The first division is longitudinal. No suspensor is formed and both 
cells go into the formation of the proembryo and embryo. Both cells are next 
segmented longitudinally to form four quadrants, following which each quad¬ 
rant is divided periclinally. The formation of these peculiar walls is a most 
unusual phenomenon, known for no other species. The points of insertion of 
the op)posite ends of each wall are on the meridional wall, about one-fourth of 
the distance in from each end, then the wall curves outwardly to conform to the 
curvature of the p)eripheral wall. A large external cell and a small lenticular 
internal cell are thus formed in each quadrant cell. At the next division each 
of the larger external cells is divided transversely into two approximately equal 
sections. No further growth beyond this twelve-celled stage seems to occur 
until after germination commences. There is no perceptible differentiation of 
histogens, although the peripheral cells might be considered as being epidermal 
initials. 

Assignment is to the Balanophora Variation, Piperad Type. 

The parasitic Cynomorium coccineum has a four-celled proembryo in two 
tiers of two cells each, but the derivation has not been described. Apparently 
all the products of both cells go into the construction of the embryo. 

Ekambaram, T., and R. R. Panje. 1935. Contributions to our knowledge of Balanophora, 

II. Life-history of B. dioica. Proc. Indian Acad. Sci., B, i: 522-543. 

JuEL, H. O. 1903. Zur Entwicklungsgeschichte des Samens von Cynomorium. Beih. Bot. 

Centralbl. 13: 194-202. 


Rhamnales 


Only the Rkamnaceae have been studied thoroughly. The other families 
include the ElaeagnaceaCj Heteropyxidaceae and Ampelidaceae ( Vitaceae), 

Rhamnaceae:- The embryonomy of Ceanothus azureus is very similar to 
that of the Geum Variation, Asterad Type. The differences are secondary and 
reside in the destinations of the two elements n and n' of the eight-celled pro¬ 
embryo. In C. azureus, cell n engenders the hypophysis cell and n* a very 
much reduced suspensor sensu stricto. In Geum urbanum, on the other hand, 
the hypophysis cell is generally produced by a daughter or granddaughter cell 
of n and all the other elements derived from both n and »' enter into the con¬ 
struction of a well developed suspensor. 

Rhamnus frangula agrees very closely with Ceanothus azureus, but there are 
certain variations in the mode of partitioning of the basal cell. 

Zizyphus jujuba and Z. oenopkia appear to be identical with Ceanothus 
azureus embryologically. 

SouicES, R. 1939. Embryogteie des Rhamnacies. D^^eloppcment de Pembiyon chcz le 
Ceanothus azureus Desf. C. R. Acad. Sci. Paris 208:1673-1675. 

Sources, R. 1941. Embiyogdnie des Rhamnac6es, D6veloppemciit de Pembryon chez le 
Rhamnus frangula L. C. R. Acad. Sci. Paris 213: 39-41. 

Srinivasachar, D. 1940. Embryological studies of some members of Rhammaceae* Proc. 
Indian Acad. Sci., B, 11:107-115. 
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Rutales 

Information concerning the Burseraceae is too scanty to permit the formula¬ 
tion of conclusions. 


RutaceaeThe embryogeny of Ruta graveolens most closely resembles that 
of the Ranunctdaceae (Onagrad Type), but there are several differences: the 
most significant reside in the inconstancy in the first segmentations, in the 
vertical disposition of the quadrants and in the clearer organization of the 
embryo at the radicular end. 

The terminal cell is frequently divided by a wall that is more oblique than 
strictly vertical, and may also be divided by a transverse wall into two super¬ 
posed elements. The basal cell often divides considerably in advance of the 
terminal cell. As a general rule, the middle cell m divides transversely into d 
and /, but it may divide meridionally into two juxtaposed cells, or even ob- 



Recapitulatory Table for Ruta graveolens 

(from Uft to right) 





I. First Cell Generation 
Proembryo of two cells disposed 
in two tiers: 

ca^ pco-^pvi-^-phy+icc 
ch * iec -f ico -f Ci?+5 

II. Second Cell Generation 
Proembryo of four cells disposed 
in three tiers: 

q^pco-\~pvt-{-phy-\-icc 
co-j-j (in part) 
ci**s (in part) 


III. Third Cell Generation 
Proembryo of eight cells disposed 
in six tiers: 

I *= pco-^pvt 
I'x^phy+icc 
d«^iec-{-co 

rv. Fourth Cell Generation 
Proembryo of fourteen to sixteen cells 
disposed in six to eight tiers: 

I ••pco+pvt 
I'•• phy-\-icc 
d^"iec-\-co 

/-f ( 


liquely. As for the two derivatives of the original terminal cell: they are divided 
transversely, if they are juxtaposed, into four quadrant cells clearly arranged 
in a vertical plane; if they are superposed, they divide longitudinally to en¬ 
gender quadrants similarly arranged in a vertical plane; if they are separated 
by an oblique wall, one cell divides transversely and the other vertically. 
The four quadrants segment meridionally to give rise to four upper octants 
which represent the cotyledonary region and to four lower octants which cor¬ 
respond to the hypocotyledonary region. When the quadrants are arranged 
tetrahedrally, those which are superposed divide vertically and the others 
horizontally, in such a manner as to give two tiers of four octants, I and /'. 

The hypophysis tissues originate from cell m when it divides vertically, or 
from the upper daughter cell, rf, when it divides transversely. 

The processes of embryogeny for Ruta graveolens may be recapitulated as 
shown in the above table. 

Ruta patavina forms a proembryo more or less in the same fashion as in 
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R. graveolenSj but it is destroyed through infection by a species of Penicillium. 

In the genus Citrus fertilization is definitely known only for C. trifoliate. 
This occurs relatively late after pollination and the zygote remains dormant 
for about a month. The zygote, after growth commences, forms a linear pro¬ 
embryo of about six cells. To judge from the illustrations accompanying the 
original article, it is highly probable that the basal cell contributes to the con¬ 
struction of the embryo proper. It is therefore evident that this species does 
not conform to the Ruta Variation, but belongs under the Solanad Type and 
very likely to the Linum Variation. Nucellar embryony is common in this 
species. In C. aurantium and C. nohilis reproduction is solely by nucellar 
embryony. 

Empleurum serrulatum is claimed to lack a suspensor but this is not borne 
out by the figures presented. Free-nucleate proembryos are claimed to occur 
in Phellodendron sachalinense and Ruta patavina; this is extremely doubtful. 
The proembryo of Triphasia aurantiola is depicted as consisting of a linear row 
of perhaps six cells and two terminal juxtaposed cells. A later stage shows 
longitudinal and transverse walls in opposite halves of both the terminal region 
and in the upper basal cells; this species thus evidently follows the Ruta Varia¬ 
tion. Nucellar embryos are described as being embedded within the nucellar 
cells at the micropylar end of the ovule, with larger embryos presently pro¬ 
jecting into the embryo sac. Dictamnus albus is somewhat similar to 7\ au- 
rantiolay save that there is only a single basal cell and four quadrant cells. 

Cappkletti, C. 1929. Slerilita di origine micotica nelle Ruta patavina L. Ann. di Bot. 18: 

Mauritzon, J. 1935. Uber die Embryologic dcr Familie Rutaceac. Svensk liot. Tidskr. 

29:319-347- 

OsAWA, I. 1912. Cytological and experimental studies in Citrus. Jour. Coll. Agr. Imp. Univ. 
Tokyo 4: 83 -116. 

SoutCEs, R. 1925. Embryog6nie des Rutaclcs. D6veloppement dc Tembryon chez le Ruta 
gravcolcns L. C. R. Acad. Sci. Paris 180: 1957--1959. 

SoutcES, R. 1926. D6veloppement de I’embryon chez le Ruta graveolens L. Bull. Soc. Bot. 
France 73: 245-260. 

Simarubaceae The terminal cell of the two-celled proembryo of Suriana 
maritima divides longitudinally, then the basal cell segments transversely. 
The next division is vertical in the upper daughter of the basal cell. There¬ 
after the divisions are irregular and presently a large spherical embryo is pro¬ 
duced. A suspensor apparently is formed. It appears that the middle cell of 
the four-celled stage is a hypophysis initial. It is reasonably clear that this 
species belongs under the Onagrad Type, but the Variation to which it might 
be assigned can not be determined from the scanty evidence. 

Rau, M. A. 1940. An embryological study of Suriana maritima Linn. Proc, Indian Acad. 
Sci., B, ii: 100-106. 


Meliales 

The information available on the Meliaceae is insufficient to permit con¬ 
clusions. 

Sapindales 

Nothing is known for the following families: Sapindaceae, Akaniaceae, 
Sahiaceae^ Melianthaceae^ Didieraceae, Picrodendraceae and Connaraceae. 

Staphyleaceae:- The assignment of Staphyka trifoliata to the Chenopodiad 
l^e appears to be highly probable. 

Riddle, L. C. 1905. Development of the embryosac and embiyo of Staphyka trifoliaia. 
Ohio Nat. 5:320-325. 
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Aceraceae:- In Acer the first wall in the zygote is transverse, as is the sec¬ 
ond, then the third is longitudinal or oblique in the upper terminal cell and this 
is followed by a similar wall in the middle cell of the three-celled proembrj'o. 
The basal cell apparently divides once transversely and later may divide a 
few times to give rise to an irregular group of cells which form the suspensor. 
The pyriform developing embryo has its component cells arranged in an ex¬ 
tremely irregular fashion. Bud embryos have occasionally been found close 
to the base of nearly mature embryos; their exact origin is unknown. 

Disposition of this species appears to be best under the Trifolium Varia¬ 
tion, Onagrad Type. 

Tayi.or, W. R. IQ20. A morphological and cylological study of reproduction in the genus 
Acer. Contrib. Bot. Lab. Univ. Penna. 5: i“30. 

Anacardiaceae Nothing which is of any service in determining the type 
of embryonomy in Toxicodendron {Rhus) diversiloha can be made from the 
sketchy account. 

Anacardium occidentalc is clearly referable to the Penaea Variation, Asterad 
Type. Semecarpus anacardium, on the other hand, closely conforms to the 
Euphorbia Variation, Onagrad Type, but there appears to be some evidence 
that an epiphysis initial is present (there are gaps in the series of illustrations). 
If an epiphysis actually occurs, the species should be transferred to the Trifo> 
lium Variation of the same Type. 

Copeland, H. F., and B. E. Doyel. 1940. Some features of the structure of Toxicodendron 
diversUoha. Amer. Jour. Bot. 27: 932-939. 

Srinivasaciiar, D. 1940, Morphological studies in the family Anacardiaceac. Jour. Mysore 
Univ. I, B: 83-91. 


Juglandales 

Nothing has been described for the Julianiaceae. 

Juglandaceae:- In general, the embryonomy of Carya glabra and Juglans 
mandschurica conforms to the Geum Variation, Asterad Type, but there is 
some irregularity, particularly in the latter species. In C. glabra the terminal 



Fig. 54. — Juglans regia. Symbols: s, stalace; 
pe, periblem; />/, plerome; c, epidermal initials. 

Further description in text. {Redrawn from 
Neuman 1939). 

cell of the two-celled proembryo divides diagonally into two unequal cells, 
a and b, exactly as in Geum, then the larger daughter cell divides diagonally to 
form an epiphysis initial. The destination of the proembryonic cells is the same 
as in Geum. 
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The earliest proembryonic development of Juglans regia has not been fol¬ 
lowed out; the youngest stage figured and described is that of a nearly globular, 
multicellular young embryo (Pig. 54). There is no suspensor, from which it 
may be concluded that all the products of both terminal and basal cells con¬ 
tribute to the construction of the embryo, but the precise contribution of each 
of these cells can not be determined from the figures or description. The dis¬ 
tinguishing features of this embryo are the erection of a central column of cells 
in the lower (radicular) portion of the embryo, and the mode of partitioning 
of the epidermal initials in the lateral portions of the same region. The term 
‘^columella’’ has been applied to the central column, but this term is inap¬ 
propriate; the use of the term ‘^stalace^’ is to be preferred. At each side of the 
top cell of the stalace are located the periblem initials and above both is a single 
plerome initial (but whether these pertain to the root or to the hypocotyl is 
problematical). The epidermal cells divide first by anticlinal walls, then by a 
succession of periclinal walls and engender a thick layer of cells constituting 
the root cap. 

Two types of proembryos develop in Juglans regiay determined by the plane 
of the first zygotic wall. In one type the primary wall is transverse but may be 
slightly oblique, and divides the zygote into either two equal or two very un¬ 
equal cells. In the other type the wall is oriented in various oblique positions; 
this type occurs most frequently. In the first variation the terminal cell always 
segments longitudinally, although the resulting daughter cells may be of rather 
unequal size. The basal cell divides either longitudinally or obliquely; it even¬ 
tually produces a short, stocky suspensor. In many respects this species re¬ 
sembles Scabiosa succisa (Scabiosa Variation, Piperad Type), in others, it is 
somewhat related to the Trifolium Variation, Onagrad Type. 

In Hicoria pecan the zygote remains inactive for about two months. The 
large basal cell apparently does not divide again. Vertical divisions next occur 
in the terminal cell to form a tier of four cells. Accounts differ as to the orienta¬ 
tion of the cotyledons with reference to the septum of the fruit; the probability 
is that they are oriented transversely to the septum, and they are bifurcated 
at the end of the septum. 

Langdon, L. M. 1934. Embryogeny of Carya and Juglans^ a comparative study. Bot. Gaz. 

9 O: 93“II7- 

Nast, C. G. 1941. The embryogeny and seedling morphology of Juglans regia L. Lilloa 6: 

163-205. 

Neumann, O. 1939. Ubcr die Bildung der Wurzclhaube bei JunglanSj Mimosa und Lupinm. 

Planta 30: 1-20. 

Shuhart, D. V. 1932. Morphology and anatomy of the fruit of Hicoria pecan, Bot. Gaz. 

93: 1-20. 

WooDROOE, N. C. 1928. Development of the embryo sac and young embryo of Hicoria pecan, 

Amer. Jour. Bot. 15: 416-421. 


U m b e 11 i f e r a 1 e 6 

No reports are available for the Alangiaceae and Nyssaceae. 

Cornaceae:- The description and figures presented for Comus florida do 
not permit any conclusions to be reached. 

Morse, W. C. 1907. Contribution to the life history of Cornus florida, Ohio Nat. 8: 197- 
204. 

Araliaceae:- The embryology of the Araliaceae appears to present a certain 
degree of uniformity. The species which have been investigated include 
Aralia racemosa. A, cachemiria, A, cordate, Patsia japonica and Hedera helix. 

The latter species has been most thoroughly studied. In general, the em¬ 
bryogeny apparently conforms to the Onagrad Type, but it is difficult to de- 
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termine the point with certainty from the original descriptions. It is apparent 
from many of the figures presented that they are not median longitudinal sec¬ 
tions; consequently, the disposition of the cell walls may have been inac¬ 
curately described. 

The description of the embryogeny of Panax fruiicosa and Bedera australi’- 
ana is superficial and the illustrations inadequate, but assignment of both is 
probably to the Chenopodiad Type. 

Ducamp, L. 1901. D^vcloppement de I’embryon chez le Lierrc {Jiedera helix). C. K. Acad. 
Sd. Paris 133: 651-653. 

Ducamp, L. 1902. Rccherches sur I’embryog^nic dcs AraliaUes. Ann. Sci. Nal., BoL, Vlll, 
15:311-402. 

Gopinath, D. M. 1944. Gametogenesis and embryogeny in a few members of the Araliaceac . 
Proc. Indian Acad. Sci., B, 20: 175-186. 


Apiaceae (Umbelliferae) In Pimpinella saxijraga both terminal and basal 
cells of the two-celled proembryo generally segment transversely to give rise 
to a tetrad composed of four superposed elements, /, V, m and ci\ but the two 
cells may also divide obliquely or longitudinally. The destinations of these 
four elements of the tetrad appears to be the same as in Carutn carvi. The 
eight-celled proembryo arises by bipartitioning of each tetrad cell; normally it 
appears to be composed of two juxtaposed cells in I and V and two superposed 
cells in m and ci. Those proembryonic forms developed subsequent to the 
eight-celled stage present the most varied aspects; they do not appear to be 
constructed according to any definite rule. The separation of the histogens 
and the organization of the tissues at the radicular end is produced at a very 
late period, after the origin of the cotyledonary protuberances. 

Carum carvi follows the Sherardia Variation, Solanad Type. In this species, 
the cotyledonary region originates from cell I of the proembryonic tetrad, the 
hypocotyledonary region from cell V and the primordium of the cortex from 
the cell or cells nearest to the hypocotyl derived from cell w; the other pro¬ 
embryonic elements which make up region w, together with all those derived 
from a, go into the construction of a suspensor which is generally massive but 
occasionally may be filamentous, and of irregular form and very variable di¬ 
mensions. 

Anethuin graveolenSy Foeniculum vulgare^ Eryngium yuccijolium^ Sesli 
montana and S, gracile all appear also to follow the Sherardia Variation. 

The development of the embryo in Daucus carota is quite comparable to 
that of Carum carvi. The principal difference between the two species resides 
in the destination of the four superposed elements of the tetrad: the terminal 
cell gives rise to the cotyledons and the upper portion of the hypocotyl, and the 
subterminal cell originates the lower portion of the hypocotyl, the central 
region of the root cap and a portion of the suspensor. There is an aberrant 
type of embryo in D. carota in which all of the embryo is derived from the 
terminal cell of the four-celled proembryo, the other three cells going into the 
formation of the suspensor. ITiis type is referable to the Physalis III Varia¬ 
tion, Solanad Type. The same developmental scheme prevails in Apium inun¬ 
datum. 


Borthwick, H. a. 1931. Development of the macrogamele and embryo of Daucus carota. 
Bot. Gaz. 92: 23-44. 

Hakansson, a, 1923. Studien Uber die Entwicklungsgeschichte der Umbelliferen. Lunds 
Univ. Ars^., N. F. Avd. 2, 18: 1-1x8. 

JuRlCA, H. S. 1922. A morphological study of the Umbelliferae. Bot. Gaz. 74: 292-309. 
Sources, R. 1926. Embryogdnie des OmbeUiJires. D6veloppement chez le Carum carvi L. 
C. R. Acad. Sci. Paris 182: 339-341. 

SoutcES, R. 1930. Recherches sur Tembryog^nie des Ombdlifires. Bull. Soc. Bot. France 
77: 494-511. 

SoulioES, R. 1945. Embiyog^nie dcs Ombellif^res. Ddveloppement de Fembryon chez 
VApium inundatum Reichb. C. R. Acad. Sd. Paris 320; 128-131. 
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Ericales 

For the Clethraceae and Vacciniaceae there are no reports on their em¬ 
bryology. 

Ericaceae:- Pyrola rotundijolia agrees precisely with the Myriophyllum 
Variation, Caryophyllad Type. The basal cell of the two-celled proembryo 
never gives rise to more than two cells, which disappear early in the develop¬ 
ment of the embryo. 

Sou^:gks, R. 193Q. Embryog^nie des iSf /Vart’w. D6veloppement de I’embryon chez le jPyro/a 
rotundifolia L. C. R. Acad. Sci. Paris 209; 635-637. 

Epacridaceae The youngest described proembryo of Styphelia longifolia 
bears a remarkable resemblance to that of Vaccaria vaccaria at the same stage, 
so that this species may be assigned to the Vaccaria Variation, Caryophyllad 



Fig. 55. — Styphelia longifolia. A. Young 
proembryo. X600. B. Developing proembryo. 
X270. {Redrawn from Brough 1924). 


Type (Fig. ssA, B). The basal suspensor cell is exceedingly elongated. Ex¬ 
actly what portions of the filamentous proembryo go into the constitution of 
the embiyo proper is not at all clear. The oldest stage depicted is that of a well 
developed embryo in which the epidermis is clearly delineated and the peri- 
blem and plerome can be observed. 

Brough, P. 1924. Studies in the Epacridaceae. I. The life-histoiy of Styphelia longifoUa R, 
Br. Proc. Linn. Soc. N. S. Wales 49:162-178. 
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Monotropaceae It is difficult to determine the accuracy of all of the pub¬ 
lished observations on Monotropa hypopitySy most of which are rather old. In 
some of the first reports it is apparent that the ellipsoidal mass of six to ten 
endosperm cells was mistaken for the embryo. The mass of endosperm cells is 
broader in one plane than in the opposite view: in the broader aspect there 
appear to be two superposed endosperm cells between which the embryo is 
embedded, while in the narrower aspect there appear to be two tiers of two cells 
each with the embryo located in the center. The terminal cell of the two-celled 
proembryo clearly divides vertically at its first segmentation. The earlier ac¬ 
counts state that a hypophysis initial is formed, but the latest investigation 
states that none could be recognized and this is borne out by the figures. When 
the seed is mature the embryo consists of about nine cells, but the mode of 
formation is obscure. At the time of germination, the basal cell has developed 
either three or four tiers of large cells, some tiers being two-celled and others 
unicellular. It is clear that the basal cell contributes nothing to the construc¬ 
tion of the embryo proper; therefore, assignment may be to the Onagrad Type. 
Outside of a fairly distinct epidermal layer, no histogens are recognizable and 
no cotyledons are present at any period of development. 

Sarcodes sanguinea may possibly conform to the Caryophyllad Type, but not 
enough details have been presented to allow a precise conclusion. The de¬ 
scription states that the basal cell of the two-celled proembryo does not divide, 
all cells of the linear suspensor being derived from the terminal cell. This 
species may represent merely a slight divergence from the Myriophyllum 
Variation, in that the typical longitudinal segmentation of the basal cell is 
omitted. 

Doyfl, B. E., and L. M. Goss, 1941. Some details of the structure of Sarcodes. Madrofio 

0: 1-7. 

Francke, II. L. 1934. Beitrage zur Kenntnis der Mykorrhiza von Monotropa hypopitys L. 

Flora 129: 1-52. 


Diapensiaceae:- Diapensia lapponica probably belongs under the Solanad 
Type. 

Samuels.son, G. 1913. Studien fiber die Entw icklungsgcschichte der Bluten einiger Bicornes- 
Typen. Svensk Bot. Tidskr. 7: 97-188. 

Lennoaceae In the parasitic Lennoa madreporoides the first two divisions 
in the zygote are transverse. The third wall is vertical in the middle cell of the 
three-celled stage; the fourth wall appears to be vertical in the terminal cell. 
When nearly mature the embryo, as in most parasitic and saprophytic plants, 
is more or less cylindrical, consisting in median longitudinal section of about 
six tiers of two cells each. A transverse section of the midportion, however, re¬ 
veals that several irregularly placed longitudinal walls are present. Assign¬ 
ment to the Caryophyllad Type is indicated, and probably to the Sagina 
Variation. 

SuESSENGUTii, K. 1927. tlbcr die Gattung Flora 122: 264-305. 


Ebenales 

The Sapotaceae constitute the only uninvestigated family. 

Ebenaceae:- It appears evident from the very brief description that the 
terminal cell of the two-celled proembryo of Diospyros virginiana divides 
transversely. A large suspensor of variable dimensions is produced and the 
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embryo is poorly organized. Neither the figures nor the description permit 
reference to a specific Type. 

Hague, S. M. 1911. A morphological study of Diospyros virginiana. Bot. Gaz. 52: 34“‘44. 


My rsinales 

Myrsinaceae Aegiceras tnajusy A. corniculatum and Maesa indica have 
been very superficially described. A young embryo of the last species appears 
to conform to the Onagrad Type. 

Caeey, G., and L. Fraser. 1932. The embryology and seedling development of Aegiceras 
majus Gaertn. Proc. Linn. Soc. N. S. Wales 57: 341-360. 

Dahlgren, K. V. O. 1916. Zytologische und embryologische Studien iiber die Reihcn Pritnu- 
lales und Plumbaginalcs. Kungl. Svenska Vetensk. Handl. 56, Nr. 4. 


Styracales 

There is a report for one genus in the Styracaceae, but the other families 
(Diclidantheraceacy Sytnplocaceae and Lissocarpaceae) are still uninvestigated. 

Styracaceae:- The embryonomy of Styrax californica conforms essentially 
to the Myosotis Variation, Chenopodiad Type. 

The diagnosis was made by the writer from an examination of the slides described in: Cope¬ 
land, H. F. 1938. The Styrax of northern California and the relationships of the Styra- 
caccae. Amer. Jour. Bot. 25: 771-780. 

Loganiales 

Loganiaceae No essential difference separates the embryogeny of Bud- 
dleia variabilis from that of the Veronica Variation, Onagrad Type. Spigelia 
splendens also appears to conform to the same Variation. 

Dahlgren, K. V. O. 1922. Die Embryologie dcr LoganiazeengaitMTig Spigelia. Svensk Bot. 
Tidskr. 16: 77-87. 

SouiCES, R. 1940. Embryog^nie des Loganiacfes. D^veloppement de I’embryon chez le 
Buddleia variabilis Hemsley. C. R. Acad. Sci. Paris 211: 139-140. 

Oleaceae:- In FraxinuSy Syringa and Ligustrum the zygote becomes more 
or less elongated before it divides. The length is greatest in Fraxinus ornus. 
When the zygote divides, the wall separates a short terminal and a very long 
basal cell. The latter thereupon divides rapidly to form a filamentous sus- 
pensor. It was not definitely determined whether the terminal cell divides 
transversely or longitudinally. From the appearance of the figures accom¬ 
panying the description, there is a strong presumption that development in all 
three genera follows the Alyssum Variation, Onagrad Type. 

Ligustrum ovalifolium possesses an embryonomy almost as variable as that 
found in Physalis minima (Solanaceae) and is equally as dfficult to assign satis¬ 
factorily. The basal cell ch divides transversely in advance of segmentation of 
the terminal cell, ca. Later the two daughter derivatives of cb may divide or 
not. Cell ca may divide transversely to engender a linear 4-celled proembryo, 
then each daughter cell segments transversely to produce a linear 6-celled pro- 
embryo. If each daughter of cb also divides transversely, the proembryo then 
consists of a row of eight cells. At the third generation, therefore, the proem¬ 
bryo may consist of either six or eight cells. In the case of the 8-celled pro¬ 
embryo only do the derivatives of cb contribute to the construction of the em- 
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bryo proper. The generalized formula for this species is: 

I « pco + pvt 
I = \phy 

m = iiphy 4“ icc -h iec -f co (in part) 
ci ■» CO (part) ^ 

However, cell I may divide obliquely and an epiphysis initial is then developed. 
Again, cell d, which most often segments transversely, may divide vertically. 
In the first case this cell gives rise to the central portion of the root cap and 
several elements of the suspensor; in the other instance it produces the primor- 
dium of the cap alone. The best disposition of this species probably would be 
to assign it to the Physalis III Variation, Solanad Type. 

Andersson, a. 1931. Studien liber die Kmbryologie der Familien Celastraceae, Oleaceae and 
Apocynaceae. Lunds Univ. Arsskr., N. F. Avd. 2, 27: i-iio. 

SoukoES, R. 1942. Embryog6me des 016ac6es. I)6veloppement de Tembryon chez le 
Ligustrum ovalifolium Hassk. C. R. Acad. Sci. Paris 215: 328-330. 


Apocynales 

Apocynaceae:-* Several species in the family have been investigated; all 
are very similar to species in the Hypericaceae embryologically and may there¬ 
fore be assigned to the Sedum Variation, Caryophyllad Type. It appears to 
be characteristic of the Apocynaceae that the zygote rests for a considerable 
period before undergoing cytokinesis. 

The following species have been studied: Lochnera rosea^ Vinca minor^ 
Gerbera odollam^ Carissa carandas, Funtrumia elctstica^ Vallaris heyneii^ 
Ichnocarpm frutescens and Wrighiia tinctoria. 

Andersson, A. 1931. Studien liber die Embryologie der Familien Celastraceae^ Oleaceae und 
Apocynaceae. Lunds Univ. Arsskr., N. F. Avd. 2, 27: i-iio. 

Rau, M. a. 1940. Studies in the Apocynaceae, Jour. Indian Bot. Soc. 19: 33-44. 

Asclepiadaceae :*- Cynanchum actUum conforms to the Linum Variation, 
Solanad Type. The earliest proembryonic stage depicted for Vincetoxicum 
officinale is remarkably like the same stage of Lilium parryi and at a later stage 
the basal suspensor tissues are equally analogous. A similar development of 
the suspensor occurs in Cynanchum nigrum, but it is not found in Asclepias 
incamata and A . cornuli. 

Biixmos, F. H. 1901. Beitrage zur Kenntniss der Samenentwicklung. Flora 88: 253-318. 
FRANaNi, E. 1927. L’embriologia del Cynanchum acutum L. Nuovo Giorn. Bot. Ital. 34: 

381-395* 


Rubiales 

Caprifoliaceae:- Lonicera biflora possesses an irregular embryogeny; the 
closest representative of the same degree of irregularity is Convolvulus arvensis. 
As with the latter species, arbitrary assignment is perhaps best with the Penaea 
Variation, Asterad Type. 

Sources, R. 1945. Embiyog6nie des Cafrifoliacies. D^veloppement de Pembryon chez le 
Lonicera hi flora Desf. C. R. Acad. Sci. Paris 221: 480-482. 

Rubiaceae:- The embryonomy of Sherardia arvensis, by reason of its ir¬ 
regularities presently to be described, agrees in general with the Solanad Type 
but is aberrant and exceptional. 

As in the Solanum Variation, a tetrad of four superposed cells is first formed 
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Fig. 56H, L, M and N are plainly derived from the eight-celled type of seven 
tiers like that in Fig. 56F, and these in turn present two important variations 
depending on the mode of partitioning of the two superposed cells derived 
from the element generally, the upper daughter cell of this element is seg¬ 
mented vertically (Fig. 56L, M); in the other case, it is divided horizontally 
like its sister to give two new superposed elements (Fig. 56N); finally, the two 
superposed sister cells occasionally are partitioned by a meridional wall into 
two juxtaposed cells. 

From the eight-celled proembryonic type disposed in eight tiers as in Fig. 
56G are derived the proembryos figured in Fig. 56I and J, without much doubt. 
It is necessary to add certain forms, for example that represented by Fig. 56O, 
which is apparently derived from an eight-celled i)roembryo arranged in six 
tiers, presuming that V consisted of two juxtaposed elements. 

In a general way, it appears to be established that the element I of the 
tetrad, after being longitudinally or transversely partitioned, gives rise to the 
epidermal initials and to three or four tiers of cells from which the cotyledonary 
portions arise (Fig. 56Q-AA); that the element by more or less precocious 
divisions, becomes disposed into two, three or four horizontal cell layers to 
engender the hypocotyledonary region and the initials of the root tip (Fig. 
56Q~AA); that the element m, after partitioning by an indeterminate number 
of transverse walls, gives rise to a series of much flattened cells, of which the 
uppermost one incontestably goes into the construction of the primordium of 
the root cap, while all the others go into the development of the suspensor; 
finally, that the element ci produces the most important portion of the sus¬ 
pensor. The cells of the suspensor are swollen into the form of vesicles, are 
more or less dislocated and occupy the most variable positions in the endo¬ 
sperm (e.^.. Fig. 56L~Q). 

Sherardia clearly ranks next to Datura in the Solanad Type in difficulty of 
interpretation of the various stages of embryo development. 

The development of practically all other species, of which there is an un¬ 
usually high number, agrees with that of Sherardia, either precisely or at least 
more or less closely. The species for which no further description is necessary 
include: Deniella repens, Putoria calabrica, Oldenlandia alata, 0. capensis, 
Phillis nobla, Leptodermis lanceolata, Callipeltis cuctdlaria, Crucianella spp., 
Houstonia spp., Diodia spp., Galium spp., Asperula spp., Spermacoce hispida 
and Guettarda speciosa. 

Suspensor haustoria are extensively developed in many species, such as 
Crucianella aegyptica, Rubia tinctoria and Asperula setosa. Very many species 
of Galium have been studied; there is a great deal of variation in the structure 
of the suspensor, depending upon the species. 

The zygote of Cofea arabica does not divide until 60 or 70 days after opening 
of the flowers. A large basal and a small terminal cell are developed. The 
second division is transverse, but it is not clear in which cell it occurs. The 
third division is longitudinal in the uppermost of the three cells. Subsequent 
events were not followed out, but this species probably should be classified 
along with the other genera in the Rubiaceae, 

Fagerlind, F. 1936. Die Embryologie von Putorut. Svensk Bot. Tidskr. 30: 362-372. 
Fagerund, F. 1936. Embryologische Beobachtungen Uber die Gattung Phyllis, Bot. 
Notiser 1936; 577~SS4* 

Fagerund, F. 1937. Embryologische, zytologische und Besttiubungsexperimentelle Studien 
in der Familie Rubiaceae nebst Bemerkungen uber einige Polyploiditfitsprobleme. Acta 
Horti Bergiani ii: i95-’47o- 

Lloyd, F. E. 1902. The comparative embryology of the Rubiaceae, Mem. Torrey Bot. Club 
8:1-112. 

Mendes, a. J. T. 1941. Cytological investigations in Cofea, VI. Embryo and endosperm 
development in Cojfea arabica L. Amer. Jour. Bot. 28: 784-789. 
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PiERPAOLi, I. 1917. Ricerche anatomiche, istologiche ed embriologiche suUa Putoria cala- 
brka Pers. Ann. di Bot. 14: 83^100. 

Raghavan, T. S., and K. Rangaswamy. 1941. Studies in the Rubiaceae. Part I. Develop¬ 
ment of female gametophyte and embryo formation in Dtnlclla repens Forst. and Olden- 
landia alata Koch, and some cytotaxonomical considerations. Jour. Indian Bot. Soc. 
20: 341-356. 

Raghavan, T. S., and A. R. Srinivasan. 1941. Studies in Rubiaceae. II. Spermococe hispida 
Linn., Gueltarda speciosa Linn, and some cytomorphological considerations. Proc. Indian 
Acad. Sci., B, 14: 412-426. 

S0UEGE.S, R. 1924. Kmbryog^nie des RubiaUes. D^veloppement de Fembryon chez le 
Sherardia arvensis L. C. R. Acad. Sci. Paris 178: 1919-1921. 


Asterales 

Adoxaceae:- Adoxa moschatellina clearly belongs under the Geiim Variation, 
Asterad Type. 

Lagerburo, T. 1909. Studien iiber die Entwicklungsgeschichte und systematische Stellung 
von Adoxa moschatellina L. Kungl. Svcnska Vetcnsk.-Akad. Handl. 44, Nr. 4. 

Valerianaceae Valerianella oliioria^ Centranthus macrosiphon^ C. rwier 
and C. angustifolius all follow the Lamium Variation, Asterad Type, rather 
closely when the divisions in the proembryo and young embryo are normally 
oriented. In the last three species irregularly constructed embryos are fre¬ 
quently encountered. 

Asplund, E. 1920. Studien iiber die Entwicklungsgeschichte der Bliiten einiger Valeriana- 
ceen. K. Svenska Vetensk. Handl. 61, Nr. 3. 

SoutcES, R. 1923. Embryogdnie des Valerianacies. Ddveloppement de Tembryon chez le 
Valcrianella olitoria. C. R. Acad. Sci. Paris 176: 1081-1083. 

SouiGES, R. 1941. Embryog6nie des Valerianacies. D6veIoppement de Fembryon chez les 
Centranthus. C. R. Acad. Sci. I^aris 209: 718-720. 

Dipsacaceae Scabiosa succisa is one of the few Angiosperms in which the 
first division in the zygote is nearly vertical. In most instances it is more di¬ 
agonal than strictly vertical and divides the cell into two somewhat unequal 
ceils; one, designated as 6, is plainly the lower one and corresponds to the basal 
cell (Fig. 57A). The other corresponds to the terminal cell of the two-celled 
proembryo. The orientation of this primary wall governs all the succeeding 
developmental processes and thus directly influences the later organization of 
the embryo. 

The following divisions are perpendicular to the primary wall; each cell is 
partitioned more or less transversely, but the wall may occasionally be vertical 
in one cell (Fig. syB, C). After this, it is extremely difficult to follow the exact 
order of segmentation. Sometimes each of the four cells may be divided trans¬ 
versely to give eight cells arranged in four tiers (Fig. S7D); but most often the 
walls are oblique, oriented in all directions, with the external insertion on the 
peripheral wall and the internal insertion on one or the other of the earlier walls. 
The four elements of the tetrad, c and dy derivatives of a, and e and /, deriva¬ 
tives of b, represent the quadrants of the embryonic cell; they give rise to 
groups of cells which remain distinct for a long time although the processes of 
segmentation in each can not be followed with certainty (Fig. 570-0). 

Without doubt, however, groups c and e contribute wholly to the construc¬ 
tion of the cotyledonary portion; groups d and / give the hypocotyledonary 
portion; the lowest elements of /produce the primordia of the root cap and the 
suspensor. The epidermal initials {de. Fig. 57H, I) are differentiated at an 
early stage, but the periblem and plerome are not distinguishable until after 
the appearance of the cotyledons. 




Asterales 


— 213 


Asteraceae 


The embryonomy of Scabiosa succisa is most closely comparable with that 
of Valerianella olitoria^ which follows the Lamium Variation, Asterad Type. 
In the latter species the primary division is transverse, otherwise the divisions 
in the two species are oblique and both are equally difficult to interpret pre¬ 
cisely. However, 5 . succisa may be assigned to the Scabiosa Variation, Piperad 
Type, because of the nearly vertical segmentation of the zygote. 

SoufecES, R. 1937. Embryogdnie des Dipsacac6es, D6veloppeinent de I’embryon chez le 
Scabiosa succisa L. C. R. Acad. Sci. Paris 204: 292-294. 

CalyceraceaeA linear tetrad is formed in Acicarpha trihuloides, but this 
is insufficient for assignment of the species. 

Daiilgren, K. V. O. 1915. t)ber die Embryologie von Acicarpha trihuJoidcs Juss. Svcnsk 
Bot. Tidskr. 9: 184-191. 



1937). 

Asteraceae (Compositae) Despite a wealth of investigations on specie 
belonging to the Asteraceae, the embryonomy of the family is in none too satis¬ 
factory a condition. The family, for one thing, is too large and unwieldly. 
Some taxonomists have segregated tribes within the family; others have split 
it into a number of separate families. If the latter procedure were accepted, 
it is believed that the embryology of the entire group could be established on 
a more satisfactory basis. There is only one completely detailed investigation 
(that on Senecio vtdgaris) based on modern embryological conceptions; certain 
of the older accounts, notably those of Carano, indicate that there are signifi¬ 
cant minor departures which would warrant the segregation of several V^aria- 
tions from the accepted Senecio Variation if the splitting into several families 
were followed. The whole problem requires more critical consideration than 
can be given to it in the present connection; moreover, certain of the groups 
(tribes or separate families) include no carefully investigated species. 

Senecio vtdgaris may be taken to serve as a generalized type for the Aster- 
aceae, sensu latu. Practically all other species, of which there is an unusually 
large number, agree with 5 . vulgaris in essential details. The designation may 
be either as the Asterad Type or as the Senecio Variation of that Type; the 
designations are identical. 

The proembryonic tetrad and eight-celled stages resemble those of Myosurus 
(Onagrad Type). The sixteen-celled proembryo arises by the bipartitioning of 
each of the eight cells of the eight-celled stage. In the upper cells, region q, 
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he wall is obliquely oriented, with one end inserted at the center of the peri¬ 
pheral wall and the other close to the vertical wall. Occasionally the internal 
end of this wall is inserted on the meridional wall, thus becoming nearly hori¬ 
zontal; and in still other cases the wall is nearly vertical, paralleling one of the 
two meridional walls. The upper cell, nearest the axis, is designated as a, and 
the other as 6, When the wall is normally oriented, cell b divides first by a 
vertical radial wall. At this moment each of the quadrant cells has become 
divided into three cells, one central and two peripheral. Tangential walls are 
next erected in these three cells and the external derivatives become epidermal 
initials. New tangential walls developed in the internal cells result, in the en¬ 
tire cotyledonary part which this region represents, in three subepidermal 
layers. The cell which occupies the internal summit of the massive triangle 
derived from cell h always remains in direct connection with the innermost 
cells of the plerome. 



Recapittilatoiy Table for Senecio vulgaris 
{from left to right) 

III. TmRD Cell Generation 
Proembryo of eight cells disposed 
in four tiers: 

q==*pco-hpvt 
m^phy\-icc 
n ■* icc 
n' — co-^s 

IV. Fourth Cell Generation 
Proembryo of sixteen cells disposed 
in five tiers: 

q^pco-\~pvl 
m‘riphy-\-icc 
n^iec 
o^co 
P^s 

The tier tn gives rise to the entire hypocotyledonary region. It consists of 
four circumaxial cells at the six teen-celled stage; each cell divides in the vertical 
tangential plane to delimit the epidermal initials, periblem and plerome. In 
the plerome, after one or two transverse segmentations, the first vertical walls 
isolate the pericycle toward the exterior. 

From tier n are derived the initials of the root cortex. The two elements 
composing this region in the sixteen-celled proembryo divide by meridional 
walls into four circumaxial cells; then these divide again vertically, sometimes 
by tangential walls, sometimes by two walls perpendicular to the two merid¬ 
ional walls, to give rise to four internal cells and four to eight external cells. 
The first group of cells functions as the initials of the cortex; the others divide 
radially, then tangentially, and contribute to the formation of the lateral 
portions of the root cap. 

Tier o engendere the central portion of the root cap. In the sixteen-celled 
proembryo it consists of a single cell, which becomes differentiated into four 


I. First Cell Generation 
Proembryo of two cells disposed 
in two tiers: 

ca^pco-\-pvt 

cb^ phy'\ricc'^iec’\-c0’^s 

II. Second Cell Generation 
Proembryo of four cells disposed 
in three tiers: 

q—pco’\-pvt 

fn^phy-\-ico 

ctB:iec-hco-hs 
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circumaxial cells. These segment tangentially to produce the four central 
layers of the root cap. This structure, it will be perceived, has a triple origin 
since three regions of the proembryo concur in its formation: all of region o 
going into the formation of the central portion; the peripheral cells of region 
n and several cells of the epidermis of region m forming the lateral portions. 

The suspensor takes its origin from cell which is divided transversely 
into two superposed cells; they, in turn, by generally transverse but also 
longitudinal, new walls, give rise to a filamentous suspensor. The latter is 
eventually composed of from six to twelve cells but offers no particular differ¬ 
entiation. 

The following species agree substantially with the Senecio Variation, but 
many were only superficially examined and it is entirely possible that some 
may conform to other Variations of the Asterad Type upon more critical study: 
Eclipta erecta (this species may possibly follow the Polygonum Variation); 
Artemisia tridentata^ Erechites hieracifolia, Galinsoga ciliaUiy Aster undulatum, 
A. multifloriis, A, novi-helgiiy A. novae-angliae, Beilis perenniSy Solidago sero- 
tina. Calendula arvensis (which has an uncommonly long suspensor), Helian- 
thus annuuSy Cichorium intyhuSy Buphthalmum salicifolium, Adenocaulon bi* 
colory Lactuca sativay L. muraliSy Silphium trifoliatuniy S. terebinthinaceumy 5. 
integrijoliumy S. laciniatumy 5. perfoliatum, Patthenium incanumy P. argenta- 
tuniy Taraxacum kok-saghyZy Scorzonera tau-saghySy Mutisia candolleanay 
Sonchus arvensisy Ageratum mexicanuniy Bidens tripartituSy Tagetes signatuSy 
Tussilago farfaray Centaurea scabiosay Ursinia anthemoideSy Arctotis calen- 
dulaceay Dimorpotheca pluvialiSy Dahlia variabiliSy Hemizonia angustifoliay 
H, palliday Madia madioides and Layia platyglossa. 

Observations on the last four species are original. 

Ayrks, J. a. igi5. Flower of Adenocaulon bicolor, Bot. Gaz. 59: 154-157. 

Bhargava, H. R. 1935. Contribution to the morphology of Eclipta erecta L. Proc. Indian 
Acad. Sci., B, 1: 325-339. 

Carano, E. 1915. Ricerchc suH’embriogcncsi delle Asteraceae, Ann. di Bot. 13: 251-301. 
Carano, E. 1922. Nuove riccrche sulla embriologia delle 2lA'/erareae. Ann. di Bot. 15: 97- 
196. 

Cooper, G. O. 1936. Cytological investigations of Erechites hieracifolia. Bot. Gaz. 98: 348- 
355 - 

Dahlgrjon, K. V. O. 1920. Zur Embryologie der Koinpositen mil besondcrer Berticksich- 
tigung der Endosfiermbildung. Zcitschr. Bot. 12: 481-516. 

Dahlgrkn, K. V. O. 1924. Studien iiber die Endospermbildung der Kompositen. Svensk 
Bot. Tidskr. 18: 177-203. 

Dianowa, W. J., A. A. So.sNOVETZ und N. A. Steschina. 1935. Vergleichcnde zytoembiy- 
ologische Untersuchungen der Variettiten von Parthenium argentatum Gray und P, in- 
canum Gray. Beih. Bot. Centralbl. 53: 293-308. 

Diettert, R. a. 1938. The morphology of Artemisia tridentata. Eloydia 1: 3 - 74 * 

JoMCS, H. A. 1927. Pollination and life history studies of lettuce {Lactuca saliva L.). Hil- 
gardia 2; 425-497. 

Kirkwood, J. E. 1910. The life history of Parthenium (guayule). Amer. Rev. Trop. Agr. 
i: 193-205. 

Merrell, W. 1 ). 1900. A contribution to the life-history of Silphium. Bot. Gaz. 29: 99-133. 
Mottier, D. M. 1893. On the embryo-sac and embryo of Senecio aureus E. Bot. Gaz. 18: 

245-253* 

Opperman, M. 1904. A contribution to the life history of Aster. Bot. Gaz. 37: 353”362. 
Poddubnaja-Arnoldi, W., N. Steschina und A. Sosnovetz. 1935. Der Charakter und die 
Ursachen der Sterilitat bei Scorzonera tau-saghys Eipsche et Bosse. Beih. Bot. Centralbl. 
53: 30Q-339. 

Popham, R. a. 1938. A contribution to the life history of Galinsoga ciliata. Bot. Gaz. 99: 

543-555* 

Rodolico, a. 1930. Embriologia del Buphthalmum salicifolium E. Nuovo Giorn. Bot. Ital. 
37:592-608. 

SoutoES. R. 1920. Embryogdnie des Composles. Les premiers stades du d6veloppement de 
Pembryon chez le Senecio vulgaris L. C. R. Acad. Sci. Paris 171: 254-256. 

SouiOES, R. 1920. Embryog6nie des Compasses. Ees derniers stades du d6veloppement de 
Pemb^on chez le Senecio vulgaris L. C. R. Acad. Sci. Paris 171: 356 - 357 * 

Warmkk, H. E. 1943. Macrosporogenesis, fertilization and early embryology of Taraxacum 
kok-saghyz. Bull. Torrey Bot. Club 70: 164-173. 
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Gentianales 

Gentianaceae > The proembryo of Voyria coerulea is a linear tetrad; it is 
stated that both of the two upper cells are segmented longitudinally. The in¬ 
ference is that the terminal cell is segmented transversely and that the basal 
cell has little or no part in the construction of the embryo although it appears 
that one upper cell derived from the basal cell may constitute the hypophysis. 
Assignment may be to the Linum Variation, Solanad Type. V. parviflora 
appears to resemble V, coerulea embryologically, as does Ldphaimos sp. 

In Nytnphoides peltatum {Limnanthemum nymphaeoides) the zygote is 
very much elongated; it divides transversely and the basal cell becomes haus- 
torial but presently degenerates. It would therefore appear that the basal cell 
does not divide again. To judge from the illustrations accompanying the 
original description, the terminal cell divides transversely, then the upper 
daughter cell is segmented vertically, but another figure shows a tier of three 
cells with the middle cell divided vertically. The best that can be done with 
this species is to assign it to the Caryophyllad Type. 

A linear seven-celled proembryo is developed in Enicostemma littorale. The 
upper two cells then segment longitudinally to produce the quadrant stage; 
the third cell is the hypophysis, which divides longitudinally. Assignment is 
to the Linum Variation, Solanad Type. 

A careful study of Menyanthes trifoliata clearly places this species under the 
Senecio Variation, Asterad Type. 

There is a very brief description, unaccompanied by figures, for Sweriia 
longifolia. Although it is stated that the basal cell takes no part in the con¬ 
struction of the embryo proper, nevertheless it is probable that this species 
agrees with the preceding one in its development. 

Jacobsson-Palev, R. 1920. Etude sur la pollinisation et rembryologie du Swcrtia longifolia 
Boiss. Bull. Soc. Bot. Geneve II, 12: 65-86. 

Oehler, E. 1927. Entwicklungsgcschichtlicht-zytologische Untersuchungcn an einigen 
saprophytischen Gentianaceen. Planta 3: 641-733. 

Srinivasan, a, R. 1941. Cyto-morphological features of Limnanthemum cristatum Griseb. 

and Enicostemma littorale Blume. Proc. Indian Acad. Sci., B, 14: 529-542. 

Soiji:GES, R. 1943. Embiyog6nie des Gentianacies. D6veloppement de I'embryon chcz Ic 
Menyanthes trifoliata L. C. R. Acad. Sci. Paris 217: 488-490. 

Stover, E. L. 1932. Life history of Nymphoides peltatum, Bot. Gaz. 93: 474-483. 


Pr imulales 

Primulaceae Samolus valerandi follows the Myriophyllum Variation, 
Caryophyllad Type. There is somewhat greater regularity in the sequence of 
divisions in 5 . valerandi than in Myriophyllum alternifolium^ and there is also 
a superposition of characteristics of other Types. For instance, the four- and 
six-celled stages resemble those of the Solanad Type as does the process of in¬ 
dividualization of the initials of the stele and root; the mode of formation of 
quadrants and octants is like that in the Onagrad Type; and the formation of 
the hypocotyledonary region is reminiscent of the method prevailing in the 
Chenopodiad T3q)e. 

Only one stage in the embryogeny of Trientalis orientalis has been figured; 
there is no description. This embryo bears a marked resemblance to the 
Onagrad Type. Cyclamen is said to have only one cotyledon. 

Dahlgren, K. V. O. 1916. Zytologischc und embryologische Studien fiber die Reihen Pri- 
mulales und Plutnbaginales, Kungl. Svenska Vetensk. Handl. 56, Nr. 4. 

SoufeoES, R. 1937. Embryog6nic des Primtdacies, D6veloppement de I’enibiyon chez Ic 
Samolus valerandi L. C. R. Acad. Sci. Paris 204: 145-147. 
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Pltxmbaginaceae > The embryogeny of Atmeria planiaginea conforms to 
that of the Solanad Type, and it may be provisionally assigned to the Linum 
Variation. The basal cell of the two-celled proembryo does not contribute to 
the formation of the embryo proper but only to the production of a very large 
suspensor. 

Plumhagella micrantha apparently follows the Nicotiana Variation of the 
Solanad Type. The terminal and basal cells of the two-celled procmbryo di¬ 
vide simultaneously in the transverse plane. The lower daughter cell of the 
basal cell becomes attenuated but remains capable of dividing. Further di¬ 
visions in the derivatives of the basal cell are rather irregular; in Plumbago 
zeylanica the cells are even more irregularly formed and are markedly hyper¬ 
trophied. Quadrant and octant cells are formed in the upper two cells derived 
from the original terminal cell as in Nicotianay but the planes of division appear 
occasionally to be oblique. A hypophysis is not apparent; the epidermal in¬ 
itials originate as in NicotianOy but nothing can be made of the origin of the 
other histogens. The peculiarity of the mature embryo is the formation of 
palisade epidermal cells at the apices of the cotyledons. 

The earlier divisions in the proembryo of Statice bahusiensis resemble those 
in Plumhagella, but in this case a row of as many as seven cells may be formed. 
The first longitudinal division occurs in the derivatives of the basal cell. At 
the period in the development of the embryo when the cotyledons are about 
to be formed, the massive suspensor is as large as or even larger than the body 
of the embryo. The characteristic peculiarity of the suspensor is the arrange¬ 
ment of the cells in linear rows adjoining one another. The suspensor of 
Armeria vulgaris at the same stage is almost twice as large as the body of the 
embryo, but is pyriform with the broad end attached to the embryo; the cells 
are not organized in any semblance of regularity. The embryos of both genera 
are very regularly organized, but it is impossible to determine the sequence of 
origin of the histogens. 

Plumbago zeylanica agrees with Armeria planiaginea embryonomically; a 
massive suspensor is formed. 

Dahlgren, K. V. O. iqi6. Zylologische und embryologische Studien iiber die Reihen Primn- 
lales und Plumhaginales. Kungl. Svenska Vetensk. Handl. 56, Nr. 4. 

Dahlgren, K. V. O. 1937. Die Entwicklung des Embryosackes bei Plumbago zeylanica. 
Bot. Notiscr 1937: 487-498. 

SoutoES, R. 1937. Embryog^nic des Plombagacles. D6veloppemeiit de I’cmbryon chez 
VArmeria planiaginea Willd. C. R. Acad. Sci. Paris 204: 1583-1585. 


Plantaginales 


Plantaginaceae Plantago lanceolata and Litorella unifiora conform to the 
Veronica Variation, Onagrad Type. As in Veronica, the hypophysis initial is 
the upper daughter cell {d) of the intermediate cell, m, of the four-celled pro¬ 
embryo. 

Development of the embryo in Plantago major f. phyllostachya is said to be 
^'normal,” whatever that means; no description or illustrations are presented. 

Rosen, W. 1940. Seed development of Litorella uniflora Aschers. Meddel. Gbteborgs Bot. 
Tr&dg. 14:177-184. 

Shadowsky, a. E. 1924. Embryological researches on Plantago major L. f. phyllostachya 
Wallr. Bull. Soc. Nat. Moscou, Sect. Biol., n.s. 32: 234-259. 

Sou&GES, R. 1923. Embryog^nie des Plantaginales. D^veloppement de Tembryon chez le 
Plantago lanceolata L. C. R. Acad. Sci. Paris 177: 964-967. 
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Campanulales 

Campanulaceae Campantda patula follows the Solanum Variation, Solanad 
Type, but it appears that in the process of the divisions in the cotyledonary 
portion and in the formation of the initials of the root cortex and root cap, 
both secondary characters, the resemblance is to the Asterad Type. Char¬ 
acters new to C. patula reside in the function of cell V of the proembryonic 
tetrad, which engenders the hypocotyledonary portion, the initials of the root 
cortex, the root cap and several cells of the suspensor. 

Jasiane montana is closely related embryonomically to C. patula. The 
linear tetrad is succeeded by an eight-celled proembryo in seven regions, with 
the terminal cell divided into two juxtaposed cells. The latter two cells give 
rise to the cotyledonary region in a manner closely following the Asterad Type. 
The sub terminal cell has by far the greatest part in the construction of the 
embryo: it produces the entire hypocotyledonary region and the radicle. The 
initials of the root cortex and the primordium of the root cap are constituted 
from the derivatives of two different proembryonic regions by processes of 
division comparable to those prevailing in the Asterad Type. 

Adenophora liliijlora also follows the Solanum Variation, as mdiy Specularia 
perjoliata but the evidence is inconclusive. 

Safijovska, L. D. IQ35. Do embriologii Adenophora liliijlora Led. Jour. Inst. Bot. Ac. Sc. 
d’Ukrainc 1935; 85-98. 

Sources, R. 1936. Embryog^nie des CampanulaUes. D6veloppcment de I’embryon chez le 
Campantda patula L. C. R. Acad. Sci. Paris 202: 2009-2011. 

Sources, R. 1938. Embryog^nie des Campantdacies. D6veloppement de Tembryon chez le 
Jasione montana L. C. R. Acad. Sci. Paris 206: 278-280. 

Trent, J. A. 1942, Studies pertaining to the life history of Spccnlaria perjoliata (L.) A.DC., 
with special reference to cleistogamy. Trans. Kansas Acad. Sci. 45: 152-164. 

LobeliaceaeThe embryonomy of Lobelia syphilitica has been most care¬ 
fully studied; it is fundamentally identical with that of Campanula patula and 
Jasione montana (Linum Variation, Solanad Type. L. trigona is very similar 
to L. syphilitica, as are L. cliffordiana, and L. excelsa. The description of the 
embryonomy of L. nicotianaefolia is confusing and it is very probable that a 
misinterpretation of the sequence of divisions has been made. It is stated, for 
instance, that the third and fourth cells of the linear tetrad ‘‘form the hypo¬ 
physis and radicle respectively,’’ which is plainly a misconception of the 
function of these particular cells. From the illustrations, it is clearly apparent 
that this species does not differ from L, syphilitica. 

The embryonomy of Lobelia amoena has been compared with those of an 
amazing assortment of other plants, yet it is precisely like that of other species 
in the genus. 

Billings, F. H. 1901. Beitrage hir Kenntniss der Samenentwicklung. Flora 88: 253-318. 
CRi:T£, P. 1938. Embryog^nie dQS%fibelia€i€s. D6veloppement de I’embryon chez le Lobelia 
syphilitica L. C. R. Acad. Sci. Paris 207: 177-179. 

Hewitt, W. C. 1939. Seed development of Lobelia amoena. Jour. Elisha Mitchell Sci. Soc. 
5$: 63-82. 

Kausik, S. B. 1935. The life history of Lobelia trigona Koxh.y with special reference to the 
nutrition of the embryo sac. Proc. Indian Acad. Sci. 2: 410-418. 

Kausik, S. B. 1938. Gametogencsis and embryogeny in Lobelia nicotianaejolia Heyne. Jour. 
Indian Bot. Soc. 17: 161-168. 


Goodeniaceae:- The second division in Dampiera stricta is transverse in the 
basal cell, after which a linear filamentous row of about ten cells is formed. 
The first longitudinal division is depicted for both the terminal cell of the row 
and in the one third from the end, with partitioning of the subterminal cell 
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following next. This would indicate that the proper assignment of Z). stricta is 
to the Linum Variation, Solanad Type. 

Scaveola aitenmla appears to agree with Z>. stricta, 

Billings, F. H. 1901. Beitritge zur Kenntniss dcr Samenentwicklung. Flora 88: 253 318. 
Brough,?. 1927. Studies in the I. The life-history of a j/rfcia R. Hr. 

Proc. Linn. Soc. N. S. Wales 52: 471-498. 


Stylidiaceae > Embryo development of Stylidium adnatum and S, linearis 
has not been described in detail, but the figures of the former species exhibit a 
strong conformation with the Onagrad Type. A suspensor is developed in 
both species, but the cotyledons are not formed until after germination com¬ 
mences. 

Burns, G. P. 1900. Beitriige zur Kenntniss dcr Stylidiacfen. Flora 87: 313-354. 

Polemoniales 

Hydrophyllaceae Phacelia tanacetifolia conforms to the Hyoscyamus 
Variation, Solanad Type. 

Cr6t6 , P. 1946. Embryog^nie des UydrophyllaUes. Developpement de I’embryon chez le 
Phacelia tanacetifolia Beiilh. C. R. Acad. Sci. Paris 223: 459-460. 

Polemoniaceae:- The proembryo of Polemmium caertdeum consists of a 
tetrad of four superposed elements, /, m and a, the two latter being derived 
from the basal cell (Fig. 58A). The uppermost cell, /, divides exactly as in 



Fig. 58. — Polemonium caertUeum. E, F and G represent irregular 
embryos. Further description in text. All X 280. {Redrawn from 
SoufecES 1939). 

Myosotis hispida and an epiphysis initial (e) is delimited. The epiphysis region, 
however, is indistinguishable by the time the cotyledons have originated. 

The element /' of the proembryonic tetrad, by means of vertical walls, pro¬ 
duces four circumaxial cells (Fig. s8D). These next become segmented verti¬ 
cally; the external derivatives become epidermal initials. The inner daughter 
cells are again divided vertically to give the periblem initials, while the inner 
cells become divided transversely and the lower derivatives become the in¬ 
itials of the root cortex (Fig. 58F, I). Occasionally these initials are differ¬ 
entiated through the formation of oblique walls in the internal cells which ap¬ 
pear after the delimitation of the epidermal initials. Segmentation often 
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proceeds in an irtegular manner in element V: in lieu of vertical meridional 
walls, oblique walls almost in the horizontal plane are produced. In the same 
way, the more or less inclined walls prevent the formation of the four circum- 
axial walls normally produced by cell V (Fig. 58F-H). 

The element m divides into two superposed cells, d and/ (Fig. 58D); d is con¬ 
verted into four circumaxial cells and eventually engenders the primordium of 
the root cap, while /, together with all the elements originating from cell ci of 
the proembryonic tetrad, enters into the construction of the small suspensor. 

Polemanium caertdeum constitutes the Polemonium Variation, Chenopodiad 
Type, In P. pauciflorum, on the other hand, cell m segments vertically; conse¬ 
quently, this species belongs to the Myosotis Variation of the same Type. 

Phlox drummondii and Leptosiphon androsace apparently both have the 
same tyj)e of embryonomy as P. caeruleum^ as does Gilia tricolor, 

Billings, F. II. 1901. Beitrage zur Kenntniss der Samenentwicklung. Flora 88: 253-318. 
Miller, H. A., and R. H. Wetmore. 1945. Studies in the developmental anatomy of Phlox 
drummondii Hook. I. The embryo. Amer. Jour. Bot. 32: 588-599. 

SouEGES, R. 1939. Erabryog^nie des Polemoniacies. Ddveloppement de Tembryon chez le 
Polemonium caerulcum L. C. R. Acad. Sci. Paris 208: 1338-1340. 

Sou^:ges, R. 1939. Les lois du d6veloppement chez le Polemonium caeruleum L. Bull. Soc. 
Bot. France 86: 289-297. 

SouEGES, R. 1942. Embryog6nie des Pol6moniacees. Developpement de Tembryon chez le 
Gilia tricolor Bcnth. C. R. Acad. Sci. Paris. 215:543-545. 

SoufccES, R. 1945. Embryog€nie des Pol6moniac6es. Developpement de I’embryon chez le 
Polemonium pauciftorumWa.ts. C. R. Acad. Sci. Paris. 220: 897-900. 

Boraginales 

Boraginaceae > There is considerable difference within the family as to the 
embryonomic types that are followed. 

Myosotis hispidOy which conforms to the Myosotis Variation, Chenopodiad 
Type, may be taken as an example which is followed by species in other families 
as well as in the Boraginaceae. The terminal and basal cells of the two-celled 
proembryo both divide transversely to give rise to a tetrad of four supeij^osed 
cells, /, m and ci (Fig. 59A). The element / is the one which first divides next; 
the wall is oblique and separates two cells of very different aspects, a and b 
(Fig. 59B). Element V then divides by a vertically meridional wall to give 
two juxtaposed cells (Fig. 59C). During this time the two lower cells, m and 
a, remain undivided. Cell a, which is somewhat larger and more externally 
situated than its sister cell, 6, is medianly divided by an oblique wall; the tri¬ 
angular upper daughter cell is the epiphysis initial (Fig. 59C). Presently each 
cell in V divides, thus giving a group of four circumaxial cells (Fig. 59D); then 
the element m divides vertically, and the basal cell, ct, becomes segmented 
transversely into n and n* (Fig. 59D). The future destination of each cell 
group is as follows: the layer / gives rise to the cotyledonary region, layer V gives 
rise to the upper portion of the hypocotyl and layer m to the lower portion; 
from n is differentiated the hypophysis and the derivatives of n' constitute a 
suspensor. 

In the further development of the proembryo, it is the sister cell of the 
epiphysis initial which is the first of the three cells composing tier I to divide. 
T^e partition is in the vertical meridional plane, thus resulting in two juxta¬ 
posed cells (Fig. 59E). The four cells which now comprise tier I then divide 
by walls which are usually vertical, but may occasionally be tangential or 
even perpendicular to the meridional walls, until the layer is finally converted 
into a plateau of approximately twelve cells (Fig. 59E). From these cells are 
derived the two cotyledons and the histogens which enter into their construe* 
tion. 
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The epiphysis initial, e, becomes separated into two juxtaposed cells by a 
meridional wall (Fig. 59E); these next segment tangentially and the four re¬ 
sulting cells are in turn divided vertically: there are thus two groups of four 
superposed cells (Fig. 59F). There are numerous variations in the order of the 
segmentations which eventualize in the formation of these two groups of cells. 
During the development of the cotyledons the cells of these two tetrads multi¬ 
ply by means of vertical walls and soon cease to be distinguishable from the 
neighboring cells (Fig. 59G). They then merely occupy the narrow cotyle¬ 
donary commissure and at a rather late time engender the various regions of 
the stem apex. 

The four cells of tier V divide vertically to give rise to a layer of cells which 
correspond to the upper portion of the hypocotyledonary axis (Fig. 59E, F). 
At the time of the origin of the cotyledons the first transverse walls appear 



Fig. 59. — Myosoiis hispida. Description in text. A--D X 420; E-G X 360. 
{Redrawn from SouicES 1921). 


ana the line of demarcation between tiers /' and m become effaced (Fig. 59F, 
G). At this time the periblem and plerome of the h>pocotyl become differ¬ 
entiated. 

The two elements of tier m become segmented into four circumaxial cells 
by means of meridional walls (Fig. 59C-E). They continue to multiply by 
vertical walls and then constitute a layer which corresponds to the lower 
portion of the hypocotyl. As in the adjoining layer the first transverse walls 
appear at the time of emergence of the cotyledons (Fig. 59G). The plerome 
initials of the radicular end of the hypocotyl result from the first transverse 
segmentations of the cells adjacent to the axis of the embryo. 

The element n, by means of vertical meridional segmentations and then 
horizontal walls — or, inversely, by divisions which at first are horizontal, 
then vertical — gives rise to two groups of four superposed cells (Fig. 59E->G). 
The cells of the upper group are the initials of the root cortex; those of the 
lower group constitute the central rudiments of the root cap. The latter group 
of cells eventually undergo tangential divisions and the two upper daughter 
cells are the initials of the calyptrogen. 
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The element divides transversely; the two daughter cells, o and in 
turn are segmented similarly (Fig. 59F, G). The row of four cells thus engen¬ 
dered offer no particular differentiation and represents the suspensor. 

The recapitulatory table for Myosotis hispida will be found below. 

Echium vtdgare conforms to the Polemonium Variation, Chenopodiad Type. 
There is little regularity in the sequence of the first segmentations. The linear 
tetrad is followed by three different types of eight-celled proembryos: (i) two 
superposed cells in the upper region, followed by two juxtaposed cells and four 
superposed cells; (2) two terminal cells separated by an oblique wall, then two 
juxtaposed cells, with the remainder in linear order, and (3) four superposed 
elements at the summit. The first type is the more prevalent one. 

Heliotropium peruvianum conforms to the Chenopodiad Type. 

Lycopsis arvensis follows the Lamium Variation, Asterad Type, closely. 
The behavior of the terminal cell of the two-celled proembryo is almost ex¬ 
actly consonant with that of Lamium purpureum, and that of the basal cell is 
likewise almost identical. A suspensor is not differentiated. 

Symphytum officinale may develop regularly, in which case adherence is to 
the Senecio Variation, Asterad T>q)e; or irregularly, in which the development 
is much like that of Lycopsis arvensis and assignment is similar. 

Borago officinalis appears to conform to the Myosotis Variation. 



Recapitulatory Table for Myosotis hispida 

{from iefl to right) 


r. First Cell Generation 
Proembryo of two cells disposed 
in two tiers: 

ca *» pco phy 

cb^ \phy+icC'\-iec~\-co-\-s 

II, Second Cell Generation 
Proembryo of four cells disposed 
in four tiers: 

/ ^pco-\-pvt 
I'^iphy 
m^^phy-^icc 
ci * iec-)rCO’\-s 


III. Third Cell Generation 
Proembryo of six cells disposed 

in four tiers: 

The arrangement and destinations of the 
four stages are the same as in the preced¬ 
ing generation. 

IV. Fourth Cell Generation 
Proembryo of twelve cells disposed 

in five tiers: 

I •»PcO'\'pVt 
I'^iphy 
m^^lphy-^icc 
n^iec+co 


SoukoES, R. 1921. Embryog^nie des Boragacdes. Les premiers termes du d^veloppement de 
Tembryon chez le Myosotis hispida Schlecht. C. R. Acad. Sci. Paris 173: 726-728. 

SouEGES, R. 1921. Embryog6nie des Boragacles. Les demiers stades du dfveloppement de 
Pembryon chez le Myosotis hispida Schlecht. C. R. Acad. Sci. Paris 173: 848-850. 

SoukoKS, R. 1923. D6veloppement de Pembryon chez le Myosotis hispida Schlecht. Bull. 
Soc. Bot. France 70: 385-401. 

SoukcES, R. 1938. Embryog6nie des BoragacUs. D6veloppement de Pembryon chez le 
Lycopsis arvensis L. C. R. Acad. Sci. Paris 207: 640-642. 

SouEGES, R. 1938. Embryog6nie des Boragacies. D6veloppement de Pembryon chez 
VEchium vtdgare L. C. R. Acad. Sci. Paris 207:871-872. 

SoukoES, R. 1941. Embryog6nie des BoragacSes, D6veloppement de Pembryon chez le 
Symphytum officinale L. C. R. Acad. Sci. Paris 212: 245-246. 

SoukoES, R. 1943. Embryog6nie des Boragacies. D6velopf)ement de Pembryon chez 
VHeliotropium pervuianum L. C. R. Acad. Sci. Paris 217: 55i“'S53* 

SvENSSON, H. G. 1925. Zur Embryologie der Hydrophyllaceem Boragtnacem und Hdiotropi- 
aceen, Uppsala Univ. Arsskr., Ma^. och Naturvetensk. 2. 





Solanales 


— 223 — 


Solanaceae 


Solanales 

Solanaceae:- The Solanaceae are an exceedingly difficult group to diagnose 
embryonomically, mainly because of the excessive variation in the location and 
planes of the divisions marking the transition from the second to the third cell 
generation. In certain species it is also difficult to determine the exact identity 
of the third cell generation because of the almost endless variety of proem- 
bryonic forms which may be encountered. The various Variations which may 
be typified are distinguishable first by the destination of the elements of the 
proembryonic tetrad always formed at the second cell generation, and second 
by the construction of the proembryo during the third cell generation. There 
appears to be no other possible basis on which to erect a classificatory scheme 
for solanaceous embryos. 

Certain of the Variations possess the identical destination of the tetrad 
elements at the second cell generation. The following general formula may be 
employed to denote the destination of the four cells at this generation: 

I « pco -h pvt 
V =» phy -h icc -H iec 
m * CO ■+■ s (in part) 
ci *= 5 (in part) 

/. Nicotiana Variation, — Destination of tetrad elements: As in the typi* 
cal formula. 

Construction of proembryo at third cell generation; eight cells arranged in 
six tiers (or occasionally six cells in four tiers or seven cells in five tiers, if I or V 
should divide before m and d, or if /, V and m segment before d, respectively). 

Species included: probably all species of Nicotiana; Petunia nyctaginifiora; 
some proembryos of Withania somniferay Datura stramonium and Physalis 
minima; Schizanthus pinnatus; Atropha belladonna; Solanun nigrum^ S. melo- 
genay S, villosum and generally in S. dulcamara, 

II. Physalis I Variation. — Destination of tetrad elements: As in the 
typical formula. 

Construction of proembryo at third cell generation: eight cells disposed in 
eight tiers. 

Species included: common in Physalis minima and Solanum sisymbrifolium. 

III. Hyoscyamus Variation. — Destination of tetrad elements: As in the 
typical formula. 

Construction of proembryo at third cell generation: six cells in five tiers 
(eight cells in six tiers at fourth cell generation). 

Species included: Hyoscyamus nigery H, albus. 

IV. Datura Variation. — Destination of tetrad elements: As in the typical 
formula. 

Construction of proembryo at third cell generation: Datura is extremely 
irregular; it is contended that the proembryo is ‘‘alwayseight-celled at the 
third cell generation, but this statement is contestable since, as a matter of fact, 
the following series of stages at what is apparently the third cell generation 
have been figured: five cells in four tiers, five cells in five tiers, six cells in four 
tiers, seven cells in five tiers, eight cells in five tiers and eight cells in six tiers. 

Species included: Datura stramoniumy D. laevis, D. tatula (D. stramonium?); 
occasional in Solanum dulcamara and S. nigrum. 

V. Physalis II Variation. — Destination of tetrad elements; 

I ^ poo ^ pvt phy 
r ■» fcc -f- tec 4- ^ (in part) 

w + Cf • 1 (in part) 
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Construction of proembryo at third cell generation: eight cells arranged in 
seven tiers. 

Species included: occasional in Physalis minima. 

VI. Physalis III Variation. — Destination of tetrad elements: variable; 
any one of the three following formulae may prevail: 

I » pco -f- pvt + phy -f- icc -f- iec I «* pco -f- pvt phy 

V ^ CO s (in part) or V ■* icc -f iec + co -f ^ (in part) 

ffi -f* cj ■■ j (in part) w + j (in part) 

/ pco -f pvt + }^Phy 

or /' — } 4 phy -|- icc + iec -f ca -f ^ (in part) 

ni 4- ci ■* s (in part) 

Construction of proembryo at third cell generation: eight cells in seven 
tiers. 

Species included: rare in Physalis minima; Daucus carota {Apiaceae) fol¬ 
lows the third formula. 

nHADURi, }\ N. 1936. Studies on the embryology of the Solanaceae I. Bot. Gaz. 98: 283-295. 
Mactang, M. V. 1936. Floral biology and morphology of the eggplant. Philippine Agr. 

25 ■30-53- 

Pkrsidsky, D., and J. Modilewski. 1935. Citologitchnoembryologitchne doslidjennia 
osnovnikh sortiv Nicotiana ruslica L. Jour. Inst. Bot. Ac. Sci. d’Ukraine 1935: 3-15. 
Satina, S., and A. F. Blakesu-:!:. 1935. Fertilization in the incompatible cross Datura 
slratnonium X D. metcl. Bull. Torrey Bot. Club 62: 301-312. 

SouEGES, R. 1920. Embryog6nie des Solanacies. D^veloppement de I’embryon chez les 
Nicotiana. C. R. Acad. Sci. Paris 170: ii25-1127. 

SoiTEGES, R. 1920. Embryog^nie des Solanac^es. D^veloppement de Fembryon chez les 
Hyoscyamus et Atropha. C. R. Acad. Sci. Paris 170: 1279-1281. 

SoukGES, R. 1922. Recherches sur I’embryog^nie des Solanacics. Bull. Soc. Bot. France 
69; 163-178; 236-241; 352-365; 555-585- 

SouEGES, R. 1936. D6veloppement de Fembryon chez le Schizanthus et les Petunias. Bull. 
Soc. Bot. France 83: 570-577. 

Tognini, F. 1900. SulFerabriologia di alcune Solanaceae di appunti lasciati. Atti Inst. Bot. 
Pavia II, 6: 109-112. 


ConvoivulaceaeIt is impossible to determine precisely the rules by which 
the embryo of Convolvulus arvensis is constructed. The first zygotic division is 
transverse, but thereafter the succeeding walls are without definite order and 
assume the most variable directions. The terminal cell appears invariably to 
be partitioned first by a diagonal or oblique wall, but it is not possible to de¬ 
termine precisely whether this wall is a deviation from an essentially vertical 
or an essentially horizontal wall. However, because of the marked resemblance 
of the embryology of C. arvensis to the Lotus Variation, Onagrad Type, the 
wall may be arbitrarily taken to be essentially vertical and therefore C. arvensis 
is assigned to that Variation. The basal cell contributes nothing to the con¬ 
struction of the embryo proper but merely becomes a massive suspensor. 

The zygote of the parasitic Cuscuta gronovii divides transversely; the basal 
cell being much larger than the terminal one. Subsequent divisions occur in 
no fixed order, so that the developing embryo assumes irregular forms. The 
most usual form is an elongated type with a swollen base, with a one-celled or 
no suspensor. A spherical t>pe is much less common; it lacks a suspensor. In 
neither type is there any clear indication of histogen differentiation and in ma¬ 
ture embryos there is nothing which can be considered as cotyledons. The 
mature embryo is large and well develop)ed, consisting of about two spirals. 
Assignment of this species is diflScult; it may conform to the Penaea Variation, 
Asterad Type. 

In Cuscuta monogyna and C. epithymum the zygote likewise divides into a 
small terminal and a large basal cell; the latter does not divide again but may 
later contain as many as three nuclei. The terminal cell divides twice to form a 
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row of three cells, of which the lower two do not again segment but subsequently 
become plurinuciear. Although it is not clear whether a hypophysis is devel¬ 
oped, it is evident that these two species are assignable to the Corydalis Varia¬ 
tion, Caryophyllad Type. 

Cuscuta europaea seems to develop more like C. gronovii than the two pre¬ 
ceding species. 

The early embryogeny of Convolvulus sepium is said to be much like that of 
Cuscuta gronoviiy but there is a possibility that it may more closely resemble 
that of Convolvulus arvensis. The embryo develops an enormous suspensor. 
Polyembryony is said to be the rule in this species, but the exact origin of the 
extra embryos is not clear. 

Evolvulus alsinoides develops a proembryo of seven single-celled tiers. The 
basal cell is said to remain undivided, which would mean that all cells save the 
lowest one are derived from the terminal cell. The latter then divides longi¬ 
tudinally. The sequence of events after this stage is not at all clear. It is 
claimed that this species follows the Myosotis Variation, Chenopodiad Ty})e, 
but this appears to be questionable. 

Ipomoea learii, I. hedetacea and Argyreia speciosa follow the same type of 
embryonomy, which at least in the earlier proembryonic stages bears a very 
marked resemblance to the corresponding stages in the Myriophyllum Varia¬ 
tion, Caryophyllad Type, save that the vertically partitioned basal cell eventu¬ 
ally develops into a more or less massive suspensor. 

Fedortscuuk, W. 1931. Embryologischc Untersuchung von Cuscuta monogyna Vahl und 
Cuscuta epithymum L. Planta 14: 94-111. 

MacPherson, G. E. 1921. Comparison of development in dodder and morning gloiy. Bot. 
Gaz. 71: 392-398. 

Rao, K. V. R. 1940. Gametogenesis and embryogeny in live species of the Convolvulaceac. 
Jour. Indian Bot, Soc. 19: 53-69. 

SouEGES, R. 1937. Embryog6nie des Convolvulacies. D^veloppcment de Tembryon chez le 
Convolvulus arvensis L. C. R. Acad. Sci. Paris 205: 813-815. 


Personales 

The Columelliaceae represent the only uninvestigated family. 

Scrophtdariaceae:- In Veronica arvensis the quadrant and octant stages 
are differentiated precisely as in the Onagrad Type. The hypophysis, however, 
originates in a different manner: at the time of formation of the quadrant stage, 
the oasal cell is segmented transversely; the upper daughter cell becomes the 
middle cell, w, then at the time the octants are being formed, this cell again 
divides transversely into two cells, d and /. Consequently, the octant pro¬ 
embryo in V, arvensis consists of four cells which have arisen from the original 
basal cell and eight which arose from the terminal cell. In other words, there 
are twelve cells in place of the six of the typical Onagrad Type. Shortly after¬ 
ward, cell d is segmented transversely into two superposed cells, p and q\ it 
is the upper daughter cell, which, as a general rule, becomes the hypophysis 
cell. A typical curved wall is then developed in this cell. The suspensor be¬ 
comes long and filamentous. 

The following species all appear to conform to the Veronica Variation: 
Scrophularia marylandica, Ilysanthes hyssopioides, /. parvifiora^ Bonnaya tenui- 
foUoy Pensiemon secundiflorus^ Striga lulea (in this semiparasitic species the 
derivatives of the basal cell may produce haustoria), Corytoloma cydophyllum^ 
Litnosella oquaHcOy Paulownia tomeniosay Angelonia grandifloroy Dopairium 
lobelioideSy Siemodia viscosoy Sopubia irijida. On the other hand, Verbascum 
blaUaria follows exactly the Mentha Variation, Onagrad Type. 
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Evans, A. T. 1919. Embryo sac and embryo of Penistemon secundijiorus. Bot. Gaz. 67:427- 
437- 

Iyengar, C. V. K. 1940. Development of embryo-sac and endosperm-haustoria in some 
members of Scrophulariaceae, Jour. Indian Bot. Soc. 19: 5-17. 

Iyengar, C. V. K. 1940. Structure and development of seed in Sopuhia trifida Ham. Jour. 
Indian Bot. Soc. 19: 251-261. 

Laurent, V. 1923. Zur Entwicklungsgeschichte von Corytoloma cyclophyllutn Dus., n. sp. 
ined. Svensk Bot. Tidskr. 17: 165-174. 

Millsaps, V. 1936. The structure and development of the seeds of Pauloumia tomcniosa. 
Jour. Elisha Mitchell Sci. Soc. 52: 56-75. 

Mitchell, M. R. 1915. The embryo sac and embryo of Siriga lutea. Bot. Gaz. 59:124-135. 
Raghavan, T. S., and V. K. Srinivasan. 1941. Morphological and cytological studies in the 
Scrophtilariaceae. III. A contribution to the life-history of Ilysanthes parviflora Bench. 
Proc. Indian Acad. Sci., B, 13: 24-32. 

ScHERTZ, E. M. IQ19. Early development of floral organs and embryonic stnicturcs of 
Scrophularia marylandica. Bot. Gaz. 68: 441-450. 

SouEGES, R. 1921. Embryog6nie des ScrofulariaUes. D6vcloppcment de I’embryon chez le 
Veronica arvensis L. C. R. Aoad. Sci. Paris 172: 703-705. 

SouEGES, R. 1935. Recherches embryologiques sur les Les types sccondaires du 

d6vclof)pemcnt embryonnaire. Bull. Soc. Bot. France 82: 328-334. 

Srinivasan, V. K. 1940. Morphological and cytological studies in the Scrophulariateae. Jour. 
Indian Bot. Soc. 19: 197-222. 

SVENSSON, H. G. 1928. Zur Entwicklungsgeschichte der BlUten und Samen von Limosella 
aquatica L. Svensk Bot. Tidskr. 22: 465-476. 


Orobanchaceae:- In Orobanche hederae (0. hederacea of older authors) and 
0. eryngii the basal cell of the two-celled proembryo never segments. Develop¬ 
ment is essentially that of the Lythrum Variation, Onagrad Type, but there are 
irregularities in the partitioning of tiers I and The epidermal initials are 
delimited at a rather early stage and the proembryonic condition is retained 
for an unusually long time. 0. cumana appears to develop like the other two 
species, although only a single stage is depicted. 

The zygote of Aeginetia indica remains quiescent until long after the 
endosperm formation has been in progress, whereupon it elongates considerably 
by pushing itself between the cells of the endosperm. Two or three transverse 
walls are soon erected, giving a proembryo of three or four cells linearally ar¬ 
ranged. The basal cell is the suspensor initial, which usually does not divide 
further but promptly degenerates. Division of the proembryonic cells appears 
to be rather variable; this phase was not studied extensively. A longitudinal 
wall may be erected in either the terminal or subterminal cell or in both to give 
either a five- or a six-celled proembryo. The mature embryo is a globose body 
entirely devoid of even the rudiments of cotyledons, root tip, stem tip or other 
customary embryonal regions. The best that can be deduced from this brief 
description is that A, indica belongs under the Caryophyllad Type. 

Events in Christisonia subacatdis appear to agree with those in Aeginetia. 
The basal cell does not divide again but becomes empty by the time the termi¬ 
nal cell has divided transversely once or twice. A linear row of about six cells 
is produced, then longitudinal walls appear in the cells which are third and 
fourth from the top. The mature embryo is subglobular to obovoid in shape 
and no histogens save an epidermis are present. 

Cr£t 6, P. 1942. Recherches histologiques et physiologiques sur Pembryologie des Labiati- 
flores. Thesis, Univ. of Paris. 

JuLiANO, J. B. 1935. Anatomy and morphology of the Bunga, Aeginetia indica Linnaeus. 
Philippine Jour. Sci. 56: 405-451. 

Koch, L. 1875. Ueber die Entwicklung des Samens der Orohanchen, Jahrb. Wiss. Bot. 11: 
218-261. 

Persidsky, D. 1926. Zur Embryologie der Orobanche cumana Wallr. und der 0 . ramosa L. 

Bull. Jardin Bot. Kieff 4: 6-10. (Russian with German summary) 

WoRSDELL, W. C. 1896. On the development of the ovule of Christisonia ^ a genus of the 
Orobanchaceae. Jour. Linn. Soc. London, Bot., 31: 576-584. 
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Lentibulariaceae > The megagametophyte of Vtricularia coeridea has been 
described as beginning to grow out of the micropyle at the four-nucleate stage 
so that the egg and synergids lie outside of the ovule. The zygote forms a 
bud-like outgrowth through the micropyle down into the compact endosperm 
which develops within the ovule. The zygote nucleus remains near the termi¬ 
nal end of the tube, where it divides; the resulting wall separates the zygote into 
a small hemispherical terminal cell and a long basal cell. Each of these cells 
next divides transversely. Intermediate stages were not followed out in detail, 
but it appears that most of the embryo proper is derived from the terminal 
cell alone. The mature embryo is undifferentiated except for the epidermal 
layer and a group of smaller, actively meristematic cells at the apical end. 

It is very probable that Vtricidaria vulgaris conforms to the Polemonium 
Variation, Chenopodiad Type. The description and figures, although very old, 
are clear and precise. V, neglecta^ V. intermedia^ V. bremii and V. stricta are 
said to agree substantially with V. vulgaris. The embryonomy of V. injlata is 
very similar to that of V. coerulea. A linear proembryo of about five cells is 
formed; the lowermost of the basal cells is very much elongated and may 
divide transversely near the lower end. Longitudinal walls are erected in the 
first five cells of a seven-tiered proembryo, followed by periclinal walls in the 
top tier which delimit the epidermal initials. The earlier proembryonic stages 
of Z7. purpurea resemble those of V. injlata. The mature embryos of V. exoleta 
and V. bifida in general are elongated and much like those of V. coerulea. 

The embryo of Pinguicula alpina^ like that of the VtriculariaSy is very much 
elongated; quadrants and octants are said to be regularly formed. P. vulgaris 
resembles the Vtricularias. 

The sequence of events in Polypompholyx sp. seems to have been misin¬ 
terpreted ; it appears to follow the Polemonium Variation almost exactly. 

Kamiknsky, F. 1877. Vergleichende Untersuchungen iiber die Entwicklungsgeschichte der 

Utricularicn. Bot. Zeit. 35: 761-775. 

Kausik, S. B. 1935. The life history of Utricularia coerulea L. Current Sci. 3: 357-359. 
Kausik, S. B. 1938. Pollen development and seed formation in Utricularia coerulea L. Beih. 

Bot. Centralbl. 58: 365-378. 

Lang, F. X. 1901. Untersuchungen iiber Mori^hologie, Anatomic und Samenentwicklung von 

Polypompholyx und Byhlis gigantea. Flora 88: 149-206. 

Merz, M. 1897. Untersuchungen fiber die Samenentwicklung der Utrkularieen. Flora 84: 

69-87. 

Stolt, K. a. H. 1936. Beitrage zur Embryologie der Lentibidariaceen. Svensk Bot. Tidskr. 

30:690-696. 


Gesneriaceae:- The proembryo of Rhytidophyllum crenulatum (with which 
R. tomentosum agrees in all details) consists of a linear row of four to six cells, 
of which the terminal one divides longitudinally. Assignment of this species 
is very problematical, although it appears best to place it under the Onagrad 
Type without inclusion in a definite Variation. 

Abnormal embryos have been observed. In two instances the embryos had 
elongated without developing cotyledons and lacked differentiation of plerome 
and periblem. In two other cases, each embryo had three well developed 
cotyledons. In each of these four instances, the resemblance to corresponding 
phenomena in Zauschneria latifolia (Onagraceae) is suggestive. 

Ramondia nathaliae (and inferentially also R. serbica) and a hybrid between 
Strepiocarpus ackimenoeflortts and S. kewensis conform closely to the Lythrum 
Variation, Onagrad Type. Ramondia pyrenaica, although agreeing with the 
other species during the earlier developmental stages, later often forms a long 
and thick suspensor, many of whose cells appear to be plurinucleate. This, 
however, is not a constant feature and its significance is doubtful. 
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Cook, M. T. 1907. The embryology of RhytidophyUum, Bull. Torrey Bot. Club 34:179-184. 
CR^Tt, P. 1942. Recherches histologiqucs et physiologiques sur I’cmbryologie des Labiati- 
llores. Thesis, Univ. of Paris. 

Glisic, L. 1924. (Development of the X-generation and embryo in Ramowdfa.) Diss.,Univ. 
of Belgrad. (Bulgarian, with English summary) 

Bignoniaceae:- The four-celled proembryo of Catalpa kae?npferi is erected 
as in Capsella or Veronica (Fig. 60A, B), but instead of next dividing vertically 
as in those genera, each of the two upper juxtaposed cells divides, in a very 
constant manner, transversely as in the Solanad Type to engender four quad¬ 
rants disposed in a vertical plane (Fig. 60D). These quadrants next segment 



f'lG. 60. — Catalpa kaempferi. Description in text. All X 350, (Redrawn from Soueges 
1940). 


vertically to produce four upper octants and four lower octants (Fig. 60E). 
The upper octants engender the cotyledonary portion of the embryo; they 
first undergo periclinal divisions then anticlinal divisions in either a horizontal 
or a vertical direction to separate the epidermal initials (Fig. 6oJ~L). Later 
two cell layers are differentiated beneath the epidermis. The lower octants 
behave as in Capsella or Veronica and produce the hypocotyledonary portion 
(Fig. 60D, E). 

Occasionally a linear tetrad is produced by transverse division of the 
terminal cell (Fig. 60F, G). The two upper cells of this tetrad, /, and by 
means of longitudinal divisions engender four quadrants in two layers (Fig. 
60D). In several other cases, the two upper quadrants, instead of dividing 
vertically to give four upper octants disposed in a plane around the axis, are 
segmented transversely and produce four cells homologous to the four upper 
octants and always disposed in two tiers (Fig. 60H). Tangential walls are 
next formed in these cells, then, in the central cells, there appears the dis¬ 
position which ordinarily gives rise to the cotyledonary portion (Fig. 60I), 

The hypophysis takes its origin from cell d, a daughter cell of m (Fig. 
60J-L). The tissues which it produces become rather deeply embedded in the 
body of the embryo and produce the initials of the root cortex (Fig. 60M). 
Two superposed tetrads are produced by either of two procedures: either by 
horizontal walls followed by two vertical cruciate walls, or inversely by merid¬ 
ional walls followed by horizontal walls. 
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The long and filamentous suspensor is developed as in Capsella. 

A second and earlier investigation on C. kaempferi offers no description and 
only a few inconclusive figures. 

The embryogeny of Bigonnia megapatomica is said to be of the Capsella 
type; it probably also conforms to the Catalpa Variation. 

Mauritzon, J. 1935. Etwas liber die Embiyologic der Bot. Notiscr 1935; ()o- 

77. 

SouicES, R. 1940. Embryogdnie des Bignoniacies. D^veloppement de I’embryon chez le 
Catalpa kaempferi Sicb. et Zucc. C. R. Acad. Sci. Paris 210: 116-118. 

SwAMY, B. G. L. 1941. Contribution to the life-history of Bignonia megapatomica. Jour. 
Indian Bot. Soc. 20: 299-305. 


Pedaliaceae To judge from the inadequate illustrations accomf)anying 
the rather meager accounts of the embryogeny of Sesamum orientate^ Martynia 
louisiana and Pedalium murex, the species probably follow the Onagrad Type. 

Anderson, I'. 1922. The development of the flower and embryogeny of Martynia lonisiaoa. 
Bull. Torrey Bot. Club 49: 141-157. 

Mauritzon, J. 1936. Die Endospermentwicklung von Sesamum indicum und orieniale. 
Arkiv f. Bot. 28B, No. 5: 1-6. 

Srinivasan, a. R. 1942. Contribution to the morphology of Pedalium murex Linn, and 
Sesamum indicum DC. Proc. Indian Acad. Sci., B, 16; 155-164. 


Acanthaceae Many species of the Acanthaceae have been investigated but 
the reports on the embryogeny of all save one species are in an extremely in¬ 
complete and confusing condition. The fragmentary drawings are mostly so 
crude that nothing can be determined from them. Many of these figures 
plainly appear to have been based upon sections microtomed in an oblique 
plane. The one partially complete account concerns Asteracantha longifolia. 
From the figures and description there is no doubt that this species conforms 
precisely to the Lythrum Variation, Onagrad Type. 

Gigante, R. 1929. dtWAcanthus mollis 1j, Nuovo Giorn. Bot. Ital. 36; 1-33. 

Mauritzon, J. 1934. Die Endosperm-und Embryoentwicklung einigerilcaw/Zraccew. Lunds 
Univ. Arsskr., N. F. Avd. 2, 30: 1-41. 

Rangaswamy, K. 1941. Cyto-morphological studies in Asteracantha longifolia Nees (Ilygro- 
phila speciosa T. And.). Proc. Indian Acad. Sci., B, 14: 149-165. 


Lamiales (Ammiales) 

The Selaginaceac have never been studied embryologically. 

Globtilariaceae Globularia vulgaris conforms precisely with the Lythrum 
Variation, Onagrad Type. Although imperfectly illustrated, G, cordifolia may 
also follow the same type of development. 

Billings, F. H. 1901. Beitr&ge zur Kenntniss der Samenentwicklung. Flora 88: 253-318. 
Cr£t 6, P. 1943. Recherches histologiques et physiologiques sur I’embryologie des Labiati- 
flores. Embryologie du Globularia vulgaris L. Bull. Soc. Bot. France 90: 36-39. 

Myoporaceae For Myoporum serratum there is depicted a two-celled 
proembryo with a somewhat conical small terminal cell and an elongated, ir¬ 
regularly inflated basal cell. At a later stage the embryo has the typical ap¬ 
pearance of either an Onagrad or a Solanad Type embryo, but since nothing is 
said of the plane of the first division in the terminal cell, proper assignment is 
impossible. 

Billings, F. H. 1901. Beitrkge zur Kenntniss der Samenentwicklung. Flora 88: 253-318. 
Verbenaceae:- Verbena officinalis conforms closely to the Mentha Variation 
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Onagrad Type. The filamentous suspensor is rather long and somewhat 
haustorial, being closely surrounded with endosperm cells and deeply embedded 
in the latter. 

Lantana indica, Stachytarpheta indtca and Phryma leptostachya (the latter 
species is sometimes included in a separate family, the Phrymaceae) also ap¬ 
pear to conform to the same Variation, as does Tectona grandiSy which possesses 
an excessively long zygote and suspensor. 

In Lantana camaray which also follows the Mentha Variation, the first wall 
in the hypophysis cell may be typically curved, or it may be diagonal as fre¬ 
quently happens in certain Onagraceae. 

CooPKR, D. C. 1941. Macrosporogenesis and the development of the seed of Phryma Up- 
lostachya. Amer. Jour. Bot. 28; 755-761. 

Cr^t^, P. 1942. Recherches histologiques et physiologiques sur I’embryologie des Labiati- 
florcs. Thesis, Univ. of Paris. 

Koorders, S. H. 1896. Morphologische und physiologische Embryologic von Tectona grandis 
Linn. f. (Djati-oder Teak-Baum). Engler’s Bot. Jahrb. 21: 458-498. 

SoufecES, R. 1935 Embryog6nie des VcrbfnacSes. D6veloppement de I’embryon chez le 
Verbena ojicitialis L, C. R. Acad. Sci. Paris 201: 234-236. 

Tatachar, T. 1940. The development of the embryo-sac and formation of haustoria in 
Lantafta itidica Roxb., and Stachytarpheta indica Vahl. Jour. Indian Bot. Soc. 19: 45-52. 


Menthaceae (Labiatae, Anuniaceae, Lamiaceae)The embryogeny of 
Mentha viridis and Glechoma hederacea is essentially similar, but the former is 
being taken as the basis for the following description. M. viridis follows the 
Onagrad Type, but differs in the following respects: (i) in the origin of the 
hypophysis cell, which is a descendant, generally in the second degree, of the 
intermediate cell (m) of the tetrad; {2) by the form of the suspensor, which is 
represented by a simple slender filament; and (j) by differences in the rapidity 
of the segmentation in the terminal and basal cells of the proembryo. 


Recapitulatory Table for Mentha viridis 


I. First Cell Generation 
Proembiyo of two cells disposed 
in two tiers; 

ca — pco+pvt+phy-i-icc 
cb^iec+co'-\-s 


III. Third Cell Generation 
Proembr}^o of six cells disposed 
in three tiers; 

Disposition and destinations are the 
same as in the second cell generation. 


IT. Second Cell Generation 
Proembiyo of four cells disposed 
in three tiers: 

q^pco-\-pvt+phy+icc 
w—(in part) 
ci*^s (in part) 


IV. Fourth Cell Generation 
Proembryo of twelve cells disposed 
in six tiers: 

I ^pco-{-pvt 
I'^phy+icc 
d=^iec-Vco 
f-fn+n'-a 


The terminal cell of the two-celled proembryo divides first, in the longi¬ 
tudinal plane; and the two daughter cells divide, again in the vertical plane, 
at the same time that the basal cell is segmented transversely. The character¬ 
istic tetrad stage of the Onagrad Type is thus elided. At the next stage the 
four quadrants are segmented transversely into octants: the four upper octants 
compose region I and the four lower octants represent region Shortly after 
this the two cells m and a, derived from the basal cell, are both divided trans¬ 
versely to give rise to a series of four superposed elements, d,/, n and n\ The 
uppermost of these, d, becomes the hypophysis cell and the others go into the 
formation of the suspensor. Since region I gives rise to the cotyledonary region 
and region ^ to the hypocotyledonary axis, the eventual destination of each cell 
region in the twelve-celled proembryo is approximately the same as in the 
generalized Onagrad Type. The further development of the embryo corre- 
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spends very closely to that of the Type. The first division in the hypophysis 
cell is characteristic, but as in many other species which follow the Onagrad 
Type, it may be oblique, with one end attached to the peripheral wall. In 
Glechoma hederacea this wall may rarely even be vertical. 

The table of recapitulation for M. viridis is given on the previous page. 

The embryonomy of Lamium purpureum in many respects resembles that 
of Vrtica pilulijera^ but differs at the following points: (/) by the frequently 
oblique position of the wall separating the two lower cells of the tetrad; (2) by 
the confusion of the two regions m and n and the participation in indeterminate 
proportion of the region n in the creation of the hypocotyl; (j) by the origin 
of the '‘hypophysis’^ region and its mode of segmentation; {4) by the fila¬ 
mentous form of the suspensor, and (5) by the irregularity of the partitionings 
which do not permit description of the differentiation of the histogens with 
certainty. 

The proembryonic tetrad assumes very irregular segmentations; they are 
unquestionably not accidental happenings, but are very commonly found and 
appear to be hereditary. The two upper cells are juxtaposed and the two lower 
cells are superposed in diverse fashion. The wall in the basal cell is often 
oblique, with the internal end attached to the wall which originally separated 
the terminal from the basal cell in the two-celled proembryo. The position of 
this wall may lead to significant modifications in the ultimate disposition of the 
proembryonic cells and in the constitution of the different regions of the pro¬ 
embryo. In the majority of the forms presently to be described, the direction 
of this wall is clearly visible; even at the time of origin of the cotyledons it is 
possible to recognize the aspect of an inclined plane traversing the hypocotyle¬ 
donary region and the division into two parts which are most often unequal. 

The eight-celled proembryo is created by bipartition of the four elements of 
the tetrad: the two upper cells divide longitudinally into four quadrant cells; 
the intermediate cell m is divided into two juxtaposed cells and the basal cell, 
c/‘, is segmented transversely. 

The sixteen-celled proembryo arises by division of each cell of the eight- 
celled proembryo. The divisions in the quadrant cells are precisely like the 
same divisions in Vrtica pilulijera^ and the various proembryonic regions have 
the identical destinations. That is to say, the uj)per region q gives rise to the 
cotyledonary portion; the region m engenders the hypocotyledonary axis in its 
entirety or its upper part in variable proportions; region n contributes to the 
lower portion of this axis or at least the initials of the cortex; the region 0 con¬ 
tributes to the formation of the central region of the root cap and p is con¬ 
verted into a filamentous suspensor. 

Further development in region q resembles that in Vrtica pilulifera in all 
details. In the sixteen-celled proembryo region m consists of four circumaxial 
cells. They divide vertically by walls which are often tangential and separate the 
epidermal initials but the orientation of the wall is often very indefinite at first. 
Later transverse walls are erected, so that at the time of origin of the cotyle¬ 
dons region m most often consists of two cell tiers. The sequence of divisions 
just described is that prevailing in the most regular of the embryos observed. 
On the other hand, it is quite impossible to present an exact description of the 
sequence of divisions when region m is separated from region n by a more or 
less oblique wall. The best that can be said is that region m contributes by far 
the larger part of the hypocotyl, whose histogens, however, are not differ¬ 
entiated until rather late in the ontogeny of the embryo. 

Region n of the sixteen-celled proembryo is usually composed of two juxta¬ 
posed cells, each of which divides in the most regularly constituted embryos by 
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a meridional wall. The resulting four cells in such instances are circumaxial. 
In other cases two of the cells may be divided by horizontal walls. Shortly 
thereafter, the four cells are segmented by vertical but generally tangential 
walls to engender a layer of about twelve cells; the outermost are placed as a 
prolongation of the epidermis of region m; the central elements may now con¬ 
stitute the initials of the root cortex, or they become segmented transversely 
to engender several cell layers and thus contribute to the construction of a more 
or less extended portion of the hypocotyl. When the plane of separation of the 
two regions m and n is oblique, the portion of the hypocotyl contributed by 
region n is necessarily greater and the segmentations in this region are thus 
profoundly modified. 

Region <?, consisting of a single cell in the six teen-celled proembryo, is gen¬ 
erally segmented by two cruciate walls. The four circumaxial cells thus en¬ 
gendered are next partitioned by horizontal walls to give rise to two groups of 
four superposed cells: the upper group represents the first cells of the calyptro- 
gen, while from the lower group is derived the peripheral layer of the root cap. 
In many cases the first wall in cell o is horizontal and separates two cells placed 
one above the other. It is very difficult to determine the future evolution of 
these two elements; it appears that the lower cell enters into the construction of 
the suspensor, while the upper cell presumably assumes the role of the mother 
cell 0, 

The single cell in region p of the sixteen-celled proembryo becomes very 
much elongated, then segments transversely and finally gives rise to a fila¬ 
mentous suspensor. 

Lycopus europaeus most closely resembles Glechoma hederacea in develop¬ 
ment; consequently, it may be assigned to the Mentha Variation. Physostegia 
virginiana conforms similarly. 

All the following species, studied by the same investigator, conform more or 
less to the Mentha Variation: Ajuga reptanSy Teucrium botrys, Amethystea 
coerulea, Prasium tnajus, Scutellaria minor, Marrubium pannonicum (but with 
irregularities during the early stages), Sideritis hirsuta, S. scardioides, Nepeta 
cataria, N, macrantha, Dracocephalum ruyschiana, D, mairei, D, thymifolium, 
Lophanthtis chinensis, Lallemantia peltata, L, ilurica, Brunella vulgaris (coty¬ 
ledonary region develops rather precociously), Melittis melissophyllum (divi¬ 
sions in hypophysis cell are remarkably precocious and may be either trans¬ 
verse or vertical, producing an extensive h)q>ophyseal region), Phlomis alpina 
(development of hypophyseal region also irregular), Leonurus cardiaca, Salvia 
sclarea, S, pratensis, Ziziphora tenuior, Melissa officinalis, Cahminiha grandi- 
flora. Thymus serphyllum, Origanum vulgare, Perilla arguta, Ocimum basUicum. 
On the other hand, Galeopsis tetrahit, G. pyrenaica and Ballota foetida all con¬ 
form to the Lamium Variation of the Asterad Type. 

Cvi±Tty P. 1943. Recherches histologiques et physiologiques sur rembryologic des Labiati- 
flores. Thesis, Univ. of Paris. 

Ruttle, M. L. 1932. Chromosome number, embryology and inheritance in the genus Lyco¬ 
pus. Die Gartenbauwiss. 7:154-177. 

Sharp, L. W. 1911. The embryo sac of Physostegia. Bot. Gaz. 52: 218-225. 

SoiTioES, R. 1921. £mbryog6nie des Labiies. D^veloppement de Tembryon chez le Mentha 
viridis L. C. R. Acad. Sci. Paris 172: 1057-1058. 

SouicES, R. 1921. Embryog^nie des LabUes. D6veloppement de Pembryon chez le Glechoma 
hederacea L. et le Lamium purpureum L. C. R. Acad. Sci. Paris 173: 48-50. 

SouEGEs, R. 1921. Recherches sur I’embryog^nie des LabUes. Bull Soc. Bot. France 68: 
44I-464- 


Butomales 

Butomaceae:- Limnocharis emarginata conforms closely to the Sagittaria 
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Variation, Caryophyllad Type. The basal cell increases greatly in size but 
never divides subsequently unless polyembryony occurs. In this case it divides 
repeatedly to form an embryonic mass from which several potential embryos 
arise. To the suspensor of the older embryo, however, are added as many as 
five cells derived from the terminal cell. 

Butomus umhellatus and Butomopsis lanceolata agree likewise with the 
Sagittaria Variation. 

Hall, J. G. 1902. An embryological study of Limnocharis emarginata. But. Gaz. 33: 214- 
219. 

Holmgren, I. 1913. Zur Entwicklungsgeschichte von Butomus umhellatus L. Svensk Bot. 
Tidskr. 7: 58-77. 

JoHRi, B. M. 1937. The life-history of Butomopsis lanceolata Kunth. Proc. Indian Acad. 
Sci., B, 4; 137-162. 


HydrocharitaceaeThe Hydrocharitaceae^ altogether, all appear to conform 
to the Sagittaria Variation, Caryophyllad Type. The following species have 
been studied: Ottelia alismoideSy Blyxa echinosperma, Elodea canadensis^ Enalus 
acoraides, Valisneria spiralis and Halophila sp. 

Burr, H. G. 1903. The embryology of Valisneria spiralis. Ohio Nat. 3: 439-443. 

Kausik, S. B. 1940. /V contribution to the embryology of Enalus acoroides (L. his) Steud, 
Proc. Indian Acad. Sci., B, ii; 83-99. 

Murthy, S. K. N. 1935. The life-history of Ottelia alsimoides Pers. Proc. Indian Acad. Sci., 
B, 2; 59-66. 

Rangasamy, K. 1941. A morjihological study of the flower of Blyxa echinosperma Hook. f. 
Jour. Indian Bot. Soc. 20: 123-133. 

Riddle, L. C. 1905, Notes on the morphology of Philotrw. Ohio Nat. 5: 304-305. 
Rosenberg, O. 1901. Die Embryologie von Zoster a marina L. K. Svenska Vet.-Akad. 
Handl. 27, Afd. Ill, No. 6. 

Wylie, R. B. 1904. The morphology of Elodea canadensis. Bot. Gaz. 37: 1-22. 


Alismatales 

No species in the Petrosaviaceae has ever been studied. 

Alismataceae:- To summarize, the embryonomy of the Alismataceae, from 
the concept of modern interpretations of the various stages, possesses a re¬ 
markable homogeneity among all species that have been investigated. These 
include: Alisma plantago, Sagittaria variabilis, 5. lancifolia, 5. sagittaefolia, S. 
guyanensis, S. latifolia, Damasonium stellatum, D, alisma, Limnophyton obtusi- 
foliv n, Machaerocarpus calif ornicus and Elisma natans, 

Sagittaria sagittaefolia, which typifies the Sagittaria Variation, Caryophyllad 
Type, may be discussed in detail. The zygote is divided transversely into two 
markedly unequal cells (Fig. 61 A). The basal cell, which is the larger of the 
two, does not divide again but becomes transformed directly into a large 
vesicle (Fig. 61B-G). The terminal cell becomes divided into three super¬ 
posed cells, of which the upper one is next partitioned longitudinally (Fig. 
61B, C). The two juxtaposed cells are destined to give rise to the cotyledon; 
the intermediate cell engenders the upper portion of the hypocotyl and the 
'‘stem apex”; while the derivatives of the lower cell differentiate the lower 
portion of the hypocotyl, the initials of the cortex, the root cap and the sus¬ 
pensor proper. 

The eight-celled proembryo is formed by the bipartitioning of the four cells 
of the tetrad (the basal cell is henceforth left out of consideration): the two 
superior elements are partitioned vertically to give four quadrants; the two 
lower elements give rise to a new tetrad constituted like the original tetrad. 

The sixteen-celled proembryo in turn is formed by the division of each cell 
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of the eight-celled proembryo: the quadrants are transformed into octants by 
means of transverse divisions; the two juxtaposed cells derived from cell m are 
partitioned vertically to give rise to four circumaxial cells; the element w, de¬ 
rived from ciy is divided vertically, and its sister cell, w', like the mother cell 
from which it arose, is segmented transversely into two new superposed cells, 
0 and p (Fig. 6iD). 



Fig. 6i. — Sagittaria sagittaefolia. Description in text* A-D X 1 ^ X 280; F X 280; 
G-H X 240. {Redrawn from SoutoES 1931). 

In the sixteen-celled proembryo, the cotyledonary part, I and which be¬ 
come transformed in their entirety into the cotyledon, is represented by the 
eight octants; the hypocotyledonary portion by the two regions m and n situ¬ 
ated below. From the derivatives of m are differentiated the stem apex; from 
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those of n, that portion of the hypocotyledonary axis corresponding to the 
radicle (Fig. 6iE). The cell o gives rise alone to the initials of the cortex and 
to those of the root cap (Fig. 6iF, G). After cell p is divided once transversely, 
the upper daughter cell, A, engenders the culminating layer of the root cap and 
the other cell, r, is converted into a true suspensor consisting of a series of from 
three to six superposed cells (Fig. 6iE, G, H). There is thus no single hypo¬ 
physis initial in Sagittaria. 

It appears to be unnecessary to describe the sequence of divisions in each 
of the six regions up to the time that a new period of development appears, 
characterized by the appearance on one side of the embryo of a depression 
which indicates the point of origin of the ^^stem apex.’’ This phenomenon in¬ 
volves a sharp change in the symmetry of the embryo; up to now it has been 
axial, but becomes bilateral (Fig. 6iE). During this new period the following 
changes occur successively: (/) the growth of the cotyledon from the deriva¬ 
tives of the upper and lower cotyledonary octants; {2) the differentiation of the 
^^stem apex” from the derivatives of region w, representing the upper part of 
the hypocotyledonary axis; (j) the construction of the radicle from the de¬ 
rivatives of 0 and p and from all the derivatives of region w, corresponding to 
the lower part of the hypocotyledonaiy' axis. 

The development of the cotyledon offers nothing of particular significance. 
Growth in length is accomplished by transverse segmentation of all cells, be¬ 
ginning with the lower octants; growth in width is exclusively at the expense 
of the periblem cells, comparable to a similar mode which is readily apjiarent 
in the hypocotyl. The epidermal cells, in conformity with the general rule, do 
not divide radially. The cells of the plerome are smaller than, but not other¬ 
wise readily distinguishable from, the neighboring periblem cells. The pericycle 
and endodermis are generally not well differentiated in the cotyledonary region. 
In the neighborhood of the hypocotyl the cotyledon develops throughout in 
two opposite directions, which determines the median plane of symmetry. 
The two extreme points continue to grow and describe a movement of curva¬ 
ture around the foliar bud which at this moment is clearly apparent. The two 
slender margins, uniquely constituted of two layers of epidermal cells applied 
one against the other, form a protective cover. 

What is generally called the stem apex is erected at the expense of the two 
cell layers of region m. Two juxtaposed cells become distinguished by their 
much larger dimensions and by their mode of division. The cells divide trans¬ 
versely and not longitudinally; this denotes an arrest of development in the 
region where the two cells are located. The special mode of segmentation marks 
the location of the lateral depression which simultaneously separates the 
cotyledon from the foliar bud (Fig. 61F). The latter grows by multiplication 
of the periblem cells. On its surface it produces a new depression which dif¬ 
ferentiates the first leaf, homologous to the cotyledon, and a new rudimentary 
foliar bud, homologous to the first one. To discuss this more fully: the massive 
cellular protuberance appears to become bilobed, presenting two obtuse sum¬ 
mits separated by a slight depression (Fig. 61F). One of these summits pro¬ 
jects further than the other which appears clearly lateral. The former gives 
rise to the first leaf and develops in a manner preponderately in two directions, 
horizontal and vertical; the latter remains for a time as a very rudimentary 
projection, then presently it differentiates the second leaf and a small central 
cellular mass from which are later derived all the future leaves. 

There is, in effect, no structure which can properly be called the stem apex. 
There is simply a massive central cellular protuberance, assymetrically placed 
on the embryo, which is shaped like a triangular pyramid. The three faces 
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correspond to one complete turn of a single Archimedean spiral; from each 
face, in circunmutation, a leaf is cut off. Each leaf thus differentiated is rep¬ 
resented by a segment limited exteriorly by a face of the pyramid and in¬ 
teriorly by a wall parallel to that face; each face of the pyramid successively 
gives rise to an analogous segment. In that manner, the summit of the pyramid 
passes successively into each foliar rudiment as it is developed; the central 
part of the base of the pyramid alone remains fixed and situated in the median 
plane. It is this point which is the seat of the constant regeneration of the 
protuberance since it is in direct relation with the plerome of the hypocotyl. 

The development of the radicular end of the proembryo may now be de¬ 
scribed. Region w, at the time the cotyledon commences growth, is composed 
of the same three histogens (epidermis, periblem and plerome) as in region m 
and the lower cotyledonary octants (I'ig. 6iE). Transverse walls are erected 



Recapitulatory Table for Sagittaria sagittaefolia 
(Jrom left to right) 

III. Third Cell Generation 
Proembryo of eight cells disposed 

in four tiers: 

q=pco 

w* phy (in parO+pi'^ 
n^phy (in part)-f fee 
n' ^iec-^-co-^-s 

IV. Fourth Cell Generation 
Proembryo of sixteen cells disposed 

in six tiers: 

W^-pco 

nt’^phy (in parO-f/^i'f 
n^phy (in part)-ffcc 
0"‘iec-^co 
P--S 

one by one until the region consists of two cell layers, then other transverse walls 
are formed in each of these layers so that the region is composed of four cell 
tiers at the time the lateral depression makes its appearance. Subsequent 
divisions have no definite sequence. The epidermal cells multiply by means 
of radial walls; they never form tangential walls as in the neighboring cells of 
the root cap. The periblem cells presently divide tangentially, then radial 
walls arise in the outer of these cells thus erected. The plerome cells multiply 
generally by means of vertical walls, but the planes are occasionally irregular. 
The traces of the primary meridional walls soon disappear and presently it 
becomes impossible to follow out the sequence of cell formation witi certainty. 
In any event, the four innermost cells of the plerome constitute the initials of 
the central cylinder (Fio. 6iH). 

The elements of region o after three cytokineses in the horizontal plane are 
separated by two cruciate walls (Fig. 6iE, G). The four cells thus constituted 
appear to divide by walls perpendicular to one another and parallel to the two 
meridional planes, thus giving rise to three elements in each of the four cells — 


I. First Cell Generation 
Proembiyo of two cells disposed in 
two tiers (the basal cell is disregarded): 
cc s* pco 

cd “ phy -f pvl -f /cc -F icc 4* cc -f ^ 

II. Second Cell Generation 
Proembryo of four cells disposed 
in three tiers: 
pco 

m^phy (in part)-f^v/ 

ci^ phy (in part)4-/cc4'/cc4-cc-f-J>' 
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two external and one internal adjacent to the axis. Most often, however, 
tangential walls are formed in these four primary cells, being inserted at the 
upper extremity on the later walls of the epidermal cells of region n. After the 
formation of these tangential walls, each of the four primary cells of region o 
is found divided into two elements, one internal and the other external. All 
of the external cells, numbering from four to eight, located in a prolongation of 
the epidermis, thereafter multiply by radial, longitudinal or tangential walls 
to engender the most elongated elements at the summit of the root cap (Fig. 
6iG, H). They are the first to become detached when the cap commences to 
function in the germinating seed. The internal group of four cells becomes 
segmented to give rise to two groups of four superposed cells: the upper group 
represents the initials of the root cortex {iec) and the lower group constitutes 
the initials of the root cap or epidermis of the root {ico). This lower group is 
neither a calyptrogen nor a dermatocalyptrogen, as some authors have con¬ 
tended, since the cells of the epidermis never divide tangentially. 

The recapitulatory table for Sagittaria sagittaefolia is shown on p. 236. 

Cook, M. T. 1907. The embryology of Sagittaria lancijolia. Ohio Nat. 7: 97-101. 
Dahlgren, K. V. O. 1928. Die Kmbryologie ciniger Alismaiazeen. Svensk Bot. Tidskr. 
22: 1-17. 

JOHRi, B. M. 1935. Studies in the family Alisnwceae. I. Limnophyton obtusifoliiim Miq. 
Jour. Indian Bot Soc. 14; 49-66. 

JoiiRi, B. M. 1935. Studies in the family Alismaceae. III. Sagittaria guayanensis li. B. K. 

and 5 . latifolia Willd. Proc. Indian Acad. Sci., B, 2: 33-48. 

Mahksiiwari, P., and B. Singh. 1943. Studies in the family Alismaceae. V. The embryol¬ 
ogy of Machacrocarpus californicu^ (Torr.) Small. Proc. Nat. Inst. Sciences of India 
q: 311--322. 

SouEGES, R. 1931. L’embryon chez le Sagittaria sagittaefolia L. Le c6ne v6g6tatif de la tigc 
et l’extremit6 radiculaire chez les MonocotyI6dones. Ann. Sci. Nat., Bot., X, 13: 353-402. 

Scheuchzexiaceae In Scheuchzeria palmtris the basal cell presumably does 
not divide again once it has been formed; it becomes swollen and strongly 
vacuolized. Whether the terminal cell divides vertically or transversely is not 
stated, but it probably divides longitudinally since the four-celled proembryo 
depicted shows two tiers of two cells each. Proper assignment is impossible 
on the basis of the meager information. 

Stenar, H. 1935. Embryologische Beobachtungen fiber Scheuchzeria palustris L. Bot. 
Notiser 1935: 78-86. 


Triuridales 

Triuridaceae Very scanty information on the embryogeny of the Triurida- 
ceae is available; it is said to resemble that of the Burmanniaceae and the em¬ 
bryo is rudimentary and poorly differentiated, with a short suspensor, when 
mature. 

WiRZ, H. 1910. Beitrilge zur Entwicklungsgeschichte von SciaphUa spec, und von Epirrhi- 
zanihes elongata Bl. Flora loi: 395-446. 

Juncaginales 

The Fosidoniaceae have never been investigated. 

Juncaginaceae:- Triglochin maritimum is assignable to the Sagittaria Varia¬ 
tion, Caryophyllad Type. 

Hofmeister, W. 1861. Neue Beitrfige zur Kenntnis der Embryobildung der Phanerogamen. 

n. Monokotyledonen. Abh. Kbn. Sachs. Ges. Wiss. 7:620-760. 

ScHNARF, K. 1925. Kleinc Beitrage zur Kenntnis der Entwicklungsgeschichte der Angio- 
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spermen. V. Uber zwei kritischc Falle der Endospermentwicklung (Verbena und Tri- 
glochin). Oesterr. Hot. Zeitschr. 74:40-50. 

SouEGES, R. ig43. Embryog^nie des Scheuchz^iacies. D6veloppement dc I’embryon chez 
le Triglochin maritimum L. C. R. Acad. Sci. Paris 21O: 746-748. 

Lilaeaceae:- Lilaea subulata appears to conform to the Sagittaria Variation, 
Caryophyllad Type. It is much like Zannichellia (Zannichelliaceae) embryo- 
nomically, but it was not determined whether the ‘‘stem apex’^ is derived from 
tier I or tier /'. 

Campbell, D. H. 1898. Development of flower and embryo of Lilaea subulata. Ann. Hot. 
12:1-28, 


Aponogetonales 

Aponogetonaceae Aponogeton monostachyon and A. crispum are similar 
embryonomically and conform to the Sagittaria Variation, Caryophyllad Type. 
The mature embryo of the first species shows the rudiment of a foliage leaf 
besides the cotyledon, while .1. crispum has three to four foliage leaves in ad¬ 
dition to the cotyledon. 

San£, Y. K. 1939. A contribution to the embryology of the Aponogdonaccac. Jour. Indian 
Bot. Soc. 18: 79-9T. 


ZosteraceaeIn Zoslera marina the basal cell does not divide further. 
The terminal cell becomes transformed into quadrants by means of longi¬ 
tudinally cruciate walls, from which the octant stage is formed by transverse 
segmentation of each quadrant cell. However, it is possible that the first wall 
in the terminal cell is actually transverse; in other words, the embryonomy 
appears to be essentially similar to that of species of Ruppia (Ruppia Variation, 
Caryophyllad Type). 

Hofmeister, W, 1852. Zur Entwicklungsgcschichte der Zodera. Bot. Zeit. 10: 121-131, 
137-I49' 

Rosenberg, O, 1901. Die Embryologie von Zoslera marina. K. Svensk. Vetensk. Akad. 
Handl. 27, Afd. Ill, Nr. 6. 


P 01 a m 0 g e 10 n a 1 e s 

PotamogetonaceaeIt is not possible to separate the embryonomy of 
Potamogeton natans^ P. lucens and P.joliosus from that of the Sagittaria Varia¬ 
tion, Caryophyllad Type. There are, however, a very large number of ir¬ 
regularly constructed embryos in P, natans, which indicates a certain degree 
of instability in this species. 

Cook, M. T. 1908. I'hc development of the embryo-.sac and embryo of Polamogrton lucens. 
Bull. Torrey Bot. Club 35: 209-218. 

IloLFEKTY, (/. M. igor. Ovule and embryo of Potamogeton natans. Bot. Gaz. 31: 339-346. 
SouEGES, R. 1940. Knibryog6nie des PotamogdonacLes. Ddveloppement de I’embryon chez 
le Potamogeton natans L. C. R. Acad. Sci. Paris 211: 232-233. 

WiEGANi), K. M. 1900. The development of the embryo-sac in some monocotyledonous 
plants. Bot. Gaz. 30: 25-47. 


Ruppiaceae:- In Ruppia rostdlata and R, maritima the zygote divides 
transversely; the basal cell does not divide again but becomes transformed into 
a swollen vesicular cell representing the suspensor (Fig. baA-C). The terminal 
cell divides transversely and presently there is formed a proembryo consisting 
of four tiers of two cells each (Fig. 62B). The first longitudinal walls are 
erected in either of the two intermediate layers and subsequent divisions are 
greater in number in these two regions so that the developing embryo assumes 
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an ovoid to globular shape (Fig. 62C). The proembryo in its earlier stages 
thus bears a remarkable resemblance to the Sagina Variation, CaryophyHad 
Type, but because of minor differences and the development of a single cotyle¬ 
don, it may be made into another Variation (Ruppia Variation) under the 
same Type. 

In the sixteen-celled proembryo disposed in four tiers of four cells each, 
the top tier, /, develops into the major portion of the cotyledon; the next tier, 
presumably forms the short basal portion of the cotyledon as well as the 
^‘stem apex^'; the third tier, w, appears to develop all of the hypocotyl, to 
which, however, the lowest cell, ci, may contribute somewhat in addition to 
producing a distinct group of cells which have been designated as the calyptro- 
gen. At least, these cells constitute the only visible rudiments of the root. 



Fig. 62. — Ruppia rostellata. A. Thrcc-cclled proembryo. B. Ca. sixteen-celled pro¬ 
embryo. C. Older embryo. All X 446. D. Outline of mature embryo with cotyledon, stem 
apex and hypocotyl. (Redrawn from Murbeck 1902). 

The hypocotyl develops so that its upper edges form a deep depression sur¬ 
rounding the cotyledon and ‘^stem apex’'; it is said to be ‘'hollow.” (Fig. 62D). 

Grav::s, A. II. igo8. The morphology of Ruppia maritima, Trans. Conn. Acad. Arts & Sci. 
14:59-170. 

IIoFMEiSTER, W. 1861 . Neue Beitrage zur Kenntniss der Embryobildung der Phanerogamcn. 

II. Monokotyledonen. Abh. Kdn. Skehs, Ges. Wiss. 7: 629-760. 

Murbeck, S. 1902. Uber die Embryologie von Ruppia rostellata Koch. Kongl. Svenska 
Vetensk.-Akad. Handl. 36, Nr. 5. 

WiLLE, N. 1883. Om Kimens Udviklingshistorie hos Ruppia rostellata og Zannichellia pa-^ 
lustris. Vidensk. Meddel. fra d. Naturhist. Forening i Kj4»benhavn 1882-86: 1-4. 


N aiadales 

Zannichelliaceae The embryonomy of Zannichellia palustris appears to 
be primarily like that of the Sagittaria Variation, Caiy^ophyllad Type, but 
with certain distinct advances over that Variation during the later stages of 
development. In Sagittaria the two upper tiers, I and /', of the sixteen-celled 
proembryo become transformed in their entirety into the cotyledon, while 
the stem apex, so-called, originates from tier m. In Zannichellia, on the other 
hand, the cotyledon and “stem apex” are both derived from the uppermost 
cell of the linear tetrad, /. In other words, these two parts are both terminal in 
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origin and the ‘^stem apex'' is not lateral as in most monocotyledonous plants. 

Zannichellia palmtris is therefore referable to the Zannichellia Variation, 
Caryophyllad Type. 

Campbell, D. H. 1897. A morphological study of Naias and Zannichellia. Proc. Calif. 
Acad. Sci. Ill, i: 1-61. 

Hofmeister, W. 186 t. Neue Beitrage zur Kenntniss der Erabryobildung der Phanero- 
gamen. II. Monokotyledonen. Abh. Kon. Sachs. Ges. Wiss. 7: 629-760. 

Naiadaceae Naias jltxilis and N. major follow the Sagittaria Variation, 
Caryophyllad Type, very closely. 

Campbell, D. H. i 897. A morphological study of Naias and Zannichellia. Proc. Calif. Acad. 
Sci. Ill, T: 1-61. 

Hofmeister, W. 1861. Neue Beitrage zur Kenntniss der Embryobildung dcr Phanerogamen. 
II. Monokotyledonen. Abh. Kon. Sachs. Ges. Wiss. 7: 629-760. 







Fig. 63. — Xyris indica. A. Two-celled proembryo. B. Three-celled proembryo. 
C. Four-celled proembryo, D. Developing embryo. E. Cross section through central 
region of preceding. F. Fully developed embryo. All X 620. {Redraum from Wein- 
zic'HER 1913). 


Commelinales 

Nothing has been described of the embryogeny of the Flagellariaceae and 
Mayacaceae. 

Coxnmelinaceae Cyanotis cristata and Tradescantia virginiana are both 
probably referable to the Penaea Variation, Asterad Type. In the first species 
the basal cell divides vertically in advance of a similar division in the terminal 
cell. Succeeding divisions take place in various planes and a spherical mass of 
cells is produced. There is no definite suspensor. The apical portion of the 
embryo presently begins to form a fairly thick circular outgrowth at the 
periphery. This represents the “sheath" of the cotyledon. Soon, however, the 
“lamina" of the cotyledon arises as a prominent lateral outgrowth of the 
“sheath." The lamina gradually extends its growth all around but not at a 
uniform rate, so that one of its lateral margins becomes more conspicuous than 
the other. The sheath of the cotyledon becomes indistinguishably merged 
with the lamina. A pore remains open toward one side of the embryo but the 
margins of the cotyledon presently come together and practically obliterate 
the opening. By this time the stem apex, which originates in the central de¬ 
pression of the apical portion of the embryo, has assumed the form of a mound 
of cells. The cotyledon forms a complete cover over the undifferentiated stem 
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apex in the mature embryo. The basal portion of the embryo becomes very 
broad and disc-shaped, with a characteristic rim or shelf extending around the 
periphery. The radicle originates in the central portion of the basal region. 
The terminal end of the cotyledon which encloses the stem apex broadens and 
increases in thickness. 

The germination of the seed essentially resembles that in the date, Phoenix 
dactylijeray but the cotyledon becomes a spherical structure retained within the 
seed and a long threadlike stalk connects the seedling with the ovule. 
Assignment is provisionally to the Penaea Variation, Asterad Type. 

Hofmei.ster, W. i86i. Neue Beitrage zur Kenntniss der Embryobildung der Phanerogamen. 

II. Monokotyledonen. Abh. Kbn. Sachs. Ges. Wiss. 7; 629--760. 

Murthy, K. L. 1938. Gametogenesis and embryogeny in some Cotnmelinaceae. Jour. Indian 
Bot. Soc. 17: 101-116. 


Xyridales 

The Rapateaceae are embryologically unknown. 

XyridaceaeThe first wall in the zygote of Xyris indica is slightly diagonal 
(Fig. 63A); the second wall is vertical in the terminal cell and the third wall is 



Fig. 64. — Eriocaulon septangidare. A. Two-celled proembryo. B. Quadrant 
stage. C. Periclinal walls in octant embryo cutting off epidermal initials. D. De¬ 
veloping embryo. E. Embryo from mature seed. All X 730. (Redrawn from E. 

W, Smith 1910). 

similarly oriented in the basal cell. The four-celled stage thus consists of two 
tiers of two cells each (Fig. 63B, C). The wall in the basal cell is frequently 
oriented at an oblique angle, but no suspensor is formed. Further divisions in 
both regions are very variable so that it is impossible to determine either the 
exact sequence of divisions or the relative respective contributions of the 
original basal and terminal cells. At a later stage of development there ap¬ 
pears in the center of the embryo a complex of smaller cells delimited from the 
large peripheral cells by curved tangential walls (Fig. 63D, E). The nature or 
function of these cells remains unexplained. 

The embiyogeny of the Xyridaceae closely resembles that of the related 
Enocatdaceae and, like that family, may be assigned to the Penaea Variation, 
Asterad Type. 

Weinzieher, S. 1913. Beitrttge zur Entwicklungsgeschichte von Xyris indica L. Flora 
X06: 393~432- 
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Eriocaulales 

Eriocaulaceae The zygote of Eriocatdon septangtdare divides transversely, 
whereupon each daughter cell segments longitudinally, the basal cell as a rule 
dividing first (Fig. 64A, B). The next divisions are also longitudinal and per¬ 
pendicular to the preceding walls. Both cells of the two-celled proembryo thus 
participate equally in the formation of the embryo; there is no suspensor. 
The embryo is not globular in form. The octant stage is followed by the par¬ 
titioning of the epidermal initials by means of periclinal walls (Fig. 64C). The 
process is not similar in the two halves: sometimes one half divides more rapidly, 
sometimes the other, but eventually those portions derived from the basal half 
have increased more than those derived from the terminal half (Fig. 64D). 
The mature embryo is bell-shaped with flaring edges, and quite frequently the 
edges are upturned owing to pressure exerted by the endosperm (Fig. 64E). 
There is no differentiation of internal histogens. Assignment is best to the 
Penaea Variation, Asterad Type. 

Smith, R. W. tqto. The floral development and embryogeny of Eriocatdon septangtdare. 
Bot. Gaz. 49: 281-289. 


Bromeliales 

Bromeiiaceae In Tillandsia nsneoides the proembryo consists of three 
superposed cells, but it is not at all clear whether tlie middle cell is derived 
from the basal or the terminal cell of the two-celled stage. By comparing the 
drawings of the two- and three-celled stages, it would appear that it is the basal 
cell which divides first. Either the terminal or the middle cell divides next, the 
former longitudinally and the latter transversely. Quadrants, then octants, 
are produced in the derivatives of the upper cell, in typical Onagrad Type 
fashion. It is stated that the cotyledon arises from the terminal cell (/) and 
the ‘^stem apex,^’ hypocotyl, root tip and part of the suspensor from the middle 
cell (/' rather than m). The basal cell thus contributes to the construction of 
the embryo and assignment is therefore to the Asterad Type, and the best dis¬ 
position that can be made is under the Muscari Variation. 

When the embryo is about three-fourths developed, there occurs a degrada¬ 
tion of certain cortical cells of either the root or the end of the hypocotyl nearest 
the root tip. It progresses until the cell contents have almost completely dis¬ 
appeared at the time the embryo reaches full size. This phenomenon in¬ 
dubitably has an intimate relation to the complete atrophy of the root in the 
mature plant. 

Billings, F. H. 1904. A study of Tillandsia usneoides. Bot. Gaz. 38: 99-121. 

Zingiberales 

For most of the families (Musaceae, Slrelilziaceae, Lowiaceae and Cath 
naceae) there is no available description. 

Zingiberaceae:- In Casitts speciosus the first zygotic mitosis is transverse; 
the basal cell does not divide further. This species would appear to conform 
essentially with the Sagittaria Variation, Caryophyllad Type, but further study 
is required. Two stages are depicted for BrachychUus horsfieldii\ a two-ceUed 
suspensor appears to be present, but otherwise there is no description of the 
embryonomy. 
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BanI':rji, I. 1940. A contribution to the life-history of Costus speciosus Smith. Jour. Indian 
Bot. Soc. 19: 181-196. 

Maumtzon, J. 1935 (1936). Samenbau und Embryologie einiger Scitamineen. Lunds Univ. 
Arsskr., N. F. Avd. 2, 31: Nr. 9. 

Marantaceae Calathea picturata and Stromanthe lutea have been very 
superficially investigated. The proembryo appears to be a linear row of four 
superposed cells; the first vertical wall is erected in the cell second from the top 
(/'?). The developing embryo presently becomes more or less globular in 
shape. The epidermal initials are early delimited. In S, lutea two basal cells 
are slightly haustorial in nature, but degenerate at an early stage in the growth 
of the embryo. In this species the cells of the older embryo are depicted with 
two and three tiny nuclei. 

It is impossible to make an accurate diagnosis of these species, other than 
to presume that they belong under the Chenopodiad T3q3e, but the evidence is 
insufficient to allow the creation of a Variation to accommodate these mono- 
cotyledonous genera. 

Mauritzon, J. 1936. Samenbau und Embryologie einiger Scitamineen. Lunds Univ. 
Arsskr., N. F. Avd. 2, 31, Nr. 9. 


Liliales 

The Tecophilaeaceae, Smilacaceae and Ruscaceae are still uninvestigated. 

Liliaceae Lilium Variation^ Onagrad Type. — The embryonomy of Lilium 
is essentially a modification of the Muscari Variation and is characterized by 
an excessive degree of irregularity in the location and disposition of the cell 
walls during both the early and later proembryonic stages. In L. parryi the 
basal cell generally divides first, into m and ci. Cell ci may divide or not. If 
not, it quickly degenerates. If it does divide, it may develop an irregular, lat¬ 
erally projecting embryonal mass much like that in certain species of Ery^ 
ihronium or TtUipa but which rarely develops distinct embryonal buds. In 
still other cases cell ci may develop a distinct suspensor with a more or less 
broadened base and a narrowed neck. 

Cell m and its derivatives persist, even when the derivatives of ci have dis¬ 
appeared, and it is clear that these derivatives of the basal cell contribute at 
least the root cap and a portion of the suspensor if one is secondarily developed. 
It is equally apparent that the contribution of cell m is not as great in the case 
of L. parryi as it is with Muscari c<micum\ hence Lilium is referable to the 
Onagrad Type rather than to the Asterad Type. 

The terminal cell, which in the case of Lilium may be designated as g, be¬ 
haves in either of two ways. It always divides longitudinally. This division is 
rarely prompt; when this occurs, construction of the proembryo is regular and 
the derivatives are disposed in a constant manner: quartets and octants are 
formed. When division is long delayed, as appears to happen frequently, the 
cell assumes all the characteristics of an apical cell and this appearance is 
continued into the well developed embryo. However, it is hardly a true apical 
cell since it divides in almost any plane; the divisions, and consequently the 
structure of the embryo, are extremely irregular in very many instances. 
Since many degenerating structures are observable at late proembryonic and 
early embryonic stages, it is presumed that the divisions shortly become so 
irregular that the embryo can no longer continue development When growth 
is normal, the epidermal initials are developed early, but there is no perceivable 
differentiation of the internal histogens. 
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At the second cell generation the formula for L. parryi is probably as fol 
lows: 


q ■» pco + phy + pvt -h icc 

m ■■ tec + 5 (part or all) 

ci ** s (occasionally, or ci disappears) 

Erythronium dens-canis and E. americanum develop their embryos in the 
identical fashion. The zygote of the latter species lies free in the endosperm 
some distance from the micropylar end of the embryo sac. After the first 
transverse partitioning, both basal and terminal cells are segmented longi¬ 
tudinally, but the division is occasionally transverse in the basal cell. The 
latter contributes little or nothing to the embryo proper during the subsequent 
development of the latter; consequently, these species are assignable to the 
Lilium Variation. 



Fig. 65. — Muscari comosum. Description in text. A~F X 300; G-I X 210; J-L X 150, 
{Redrawn from Soir^:GES 1932). 

The only stage in the embryonomy of FritUlaria persica which is depicted 
bears a strong resemblance to the same stage in Lilium parryi, even to the 
‘‘apical cell.'’ 

The embryonomy of Asparagus officinalis, although very imperfectly de¬ 
scribed, seems to be like that of Lilium parryi. 

Species of Gasteria (unidentified) seem to conform to the Lilium Variation. 

Muscari Variation, Asterad Type. — The embryogeny of Muscari comosum 
is particularly instructive and is easier to follow out than in most other species 
of the Liliaceae. The earlier stages present a remarkable similarity to corre¬ 
sponding stages in certain dicotyledonous species which follow the Asterad 
Type, such as Vrtica pilulifera and Malva rotundifolia. 
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The basal cell of the two-celled proembryo divides transversely in advance 
of the longitudinal division in the terminal cell (Fig. 6sA). The eight-celled 
proembryo arises when each of these four derivatives is partitioned: the upper 
two cells (q) divide longitudinally; the middle cell (tn) divides similarly and 
the lowest cell (ci) is segmented transversely (into n and n\ Fig. 65B-D). All 
these divisions occur exactly as in Anthericum ramosum (see below). 

The sixteen-celled proembryo originates by the bipartitioning of each of 
the cells of the eight-celled proembryo. Cell w' divides first: it is segmented 
transversely to give cells 0 and p; then the adjoining cell n is segmented verti¬ 
cally. The two juxtaposed cells in tier m divide vertically, but in a somewhat 
irregular fashion, to produce four circumaxial cells (Fig. 65F-H); the events 
in m occur exactly as in Myosurtis minimusy Sagittaria sagittaefoliaj Polygonum 
persicaria and Anthericum ramosum. 


Recapitulatory Table for Muscari comosum 


I. First Cell Generation 
Proembryo of two cells disposed 
in two tiers: 
ca^pco 

cb «=» phy 4* pvt -f* icc -f iec -\-co-^s 

II. Second Cell Generation 
Proembryo of four cells disposed 
in three tiers: 

q^pco 

m = phy-\'pvt’\-icc 
ci^iec-\-cO’\-s 


III. Third Cell Generation 
Proembryo of eight cells disposed 
in four tiers: 

q^pco 

VI = phy -f ■ pvt icc 
n *= iec 
W ^ CO-\rs 

IV. Fourth Cell Generation 
Proembryo of sixteen cells disposed 
in five tiers: 

q^pco 

phy-\-pvt-\-i('c 
n icc 
o^co 
p^s 


In a very general way, the four elements of tier q are segmented by oblique 
walls, with the insertion of one end at the center of the peripheral wall and the 
other end near where the horizontal wall separating tiers q and m meets the 
original first vertical wall of the terminal cell (Fig. 65F). This wall isolates 
two cells which, when viewed in median longitudinal sections of the proembryo, 
present a form and dimensions which are quite dissimilar. The larger one ad¬ 
jacent to the axis appears to be clearly quadrilateral; the other, smaller, and 
outer one presents a triangular outline. The first may be designated in the 
figures by the letter a, the other by h (Fig. 65F, G). There are numerous di¬ 
vergences from the customary position of the wall in tier q. For instance, it 
may be nearly horizontal in one or more cells, as happens in Anthericum 
ramosum-y again, it may be nearly vertical or in various tangential positions. 

The eventual destinations of the various tiers is exactly the same as the 
corresponding tiers in an embryo which follows the Asterad Type, but differ 
solely in the point of origin of the stem apex. The tier g, briefly, engenders 
the cotyledon alone; m gives rise to the hypocotyl and the stem apex; n furnishes 
the initials of the root; 0 provides the root cap and p the suspensor. 

The element a of tier q now divides by a horizontally tangential wall (Fig. 
6sH); the external cell is the first epidermal initial and next divides vertically. 
The internal daughter cell is the one from which the tissues of the cotyledon 
presently arise. The sister cell b divides vertically to give two juxtaposed cells; 
the subsequent walls are oriented very diversely — they may be vertical, more 
or less oblique, horizontal or tangential (Fig. 65H-J). After these first divisions 
the cells multiply irregularly to produce first a massive semispherical, then a 
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subspherical, and finally a more or less elongated mass which represents the 
young cotyledon. At its base there is produced a lateral depression which 
separates it from the hypocotyl and also marks its lower limits. 

In the sixteen-celled proembryo the tier m is composed of four circumaxial 
cells (Fig. 65F'-H). They are partitioned by walls which are generally vertical 
and meridional, but may be oriented tangentially (Fig. 65J). The next series 
of walls appear to be transverse; sometimes they appear first in the peripheral 
cells, sometimes in the central cells. All the internal cells correspond to the 
plerome of the hypocotyl. The peripheral cells are segmented vertically; the 
external daughter of each cell is an epidermal initial and the inner daughter 
represents a periblem initial (Fig. 65K). While the epidermal initials may next 
divide by walls which may be either anticlinal, horizontal or vertical, the 
periblem initials usually first divide by anticlinal walls, but these may also be 
periclinal and thus contribute an increased number of cortical layers. The 
limits separating the three histogens are none too distinct at this stage of de¬ 
velopment so that it is not possible to follow the subsequent succession of 
divisions with certainty; they do not appear distinctly until the moment of 
differentiation of the cotyledon and are then already well advanced. The tis¬ 
sues derived from m are then composed of five to seven cell layers which cor¬ 
respond to the hypocotyledonary portion of the embryo; later the upper por¬ 
tion gives rise to the stem apex. 

The tier n of the sixteen-celled proembryo consists of two juxtaposed 
elements (Fig. 65G). They divide vertically by meridional walls to give four 
circumaxial cells which next behave like the four circumaxial cells of tier m 
(Fig. 65J). By walls which may be vertical, tangential or parallel to the merid¬ 
ional walls, they give rise to four central cells and to peripheral cells varying 
in number from four to eight. The inner cells next divide transversely to give 
rise to two cell tiers; these internal cells furnish the initials of the root cortex 
and the peripheral cells of the lateral portions of the root cap (Fig. 65K-M). 
At a more advanced stage, only a single layer of initials appears to be truly 
functional {iec, Fig. 65M). 

The single cell 0 of the sixteen-celled proembryo is segmented vertically into 
two juxtaposed cells (Fig. 65I); they then divide by similar meridionally verti¬ 
cal walls to form four circumaxial cells. These four cells most often divide 
vertically to give a cellular plateau normally composed of four central ele¬ 
ments and eight peripheral elements. The central cells next are segmented 
transversely to give the appearance of two superposed cell layers (Fig. 65J- K). 
The peripheral cells at the same time are segmented tangentially but tardily 
form transverse walls. These cells go into the formation of the root cap, while 
the central two cell layers soon function as the initials of this tissue {co^ Fig. 
65L, M). 

Cell p of the sixteen-celled proembryo is generally divided by a transverse 
wall into two superposed cells (Fig. 65I); the upper daughter cell next divides 
vertically and the lower daughter is divided transversely. The later divisions 
are few in number and rather variable; the entire mass constitutes a short 
conical or cylindrical suspensor. 

The recapitulatory scheme for Muscari cotnosum has been presented above. 

Muscari racemosum, though imperfectly described, apparently agrees with 
M. cotnosum. 

The two-celled proembryo of Anthericum ramosum divides like that of 
Muscari comosum. The eight-celled stage results when each of the two upper 
juxtaposed cells (/) divides longitudinally; the middle cell (m) divides similarly, 
and the lower cell (ci) is partitioned transversely (into n and «')• Each of all 
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these cells divides to constitute the sixteen-celled proembryo: the quadrants 
(/) divide transversely to engender octants (/ and /'); each daughter of the 
middle cell, w, divides vertically to give four circumaxial cells; cell n divides 
vertically and cell «' divides transversely into o and p. The sixteen-celled 
proembryo thus consists of six tiers of cells. 

The two upper tiers / and V give rise to the cotyledon, as in Sagittaria. The 
tier m engenders the hypocotyl and the stem apex; in Sagittaria this layer f)ro- 
duces the upper half of the hypocotyl as well as the stem apex. The tier n 
becomes the hypophysis; in Sagittaria it gives rise to the lower half of the hypo¬ 
cotyl. The tiers o and p become transformed into a suspensor in the form of 
several superposed flattened cells; in Sagittaria the hyjiophysis originates from 
tier 0 and the upper daughter derivatives of p while the other daughter en¬ 
genders the suspensor. 

7'he hypophysis develops in a manner uniquely similar to that prevailing 
in the Ranunculaceae. When the embryo approaches maturity the hypo¬ 
physeal region has become thick and massive and develops the root cap and 
the initials of the root cortex. 

Ilelaniopsis Variation, Onagrad Type. — The terminal cell of the two- 
celled proembryo of Heloniopsis hreviscapa develops much as in the Muscari 
Variation, but this species does not otherwise conform to this embryonomic 
type. The basal cell divides transversely in advance of the vertical segmenta¬ 
tion of the terminal cell, but a wall apparently is not always erected. The 
basal region remains either two-celled or two-nucleate and thus contributes 
nothing to the construction of the embryo proper. 

This mode of development does not conform to that of any other Variation 
under the Onagrad Type, to which it unquestionably belongs; consequently, 
the Heloniopsis Variation may be erected to accommodate it. 

Calochortus. — The first division in the zygote results in the formation of 
two unequal superposed cells; the second and third divisions are likewise trans¬ 
verse. The first longitudinal walls are laid down in the apical and the third 
cells followed by one in the second cell. The basal cell is the suspensor initial 
and as the embryo grows successive transverse walls produce a suspensor of 
five or more cells. The suspensor remains more or less intact when the embryo 
is mature. 

This species certainly does not follow either the Onagrad or the Asterad 
Type but is probably referable to the Chenopodiad Type. 

The early proembryonic divisions in Asphodelm teiiuifolius are similar to 
those described for Calochortus. 

Other Species. — Gagea lutea forms a linear six-celled proembryo whose 
basal cell is swollen and vesicular. Pushkinia scilloides has a globular embryo 
with a well developed filamentous suspensor. Neither species can be properly 
assigned to a Type. 

The observations on Lilium parryi are original. 

Bambacioni, V. IQ30. Ricerche sulla ecologia e sulla embriologia di Frltillaria persica L. 

Ann. di Bot. i8; 7-37. 

Coulter, J. M. 1897. Contribution to the lite history of Lilium philadclphicum. I. The 

embryo sac and associated structures. Bot. Gaz. 23: 412-422. 

Guerin, P. 1931. L’ovule et la graine de VErythronium dens-canis L. Le Botaniste 23:185- 

195- 

GuIrin, P. 1937. L’ovule et la graine des et des Ca/oeW/wi-. Ann. Sci. Nat., 

Bot. X, iq: 255-265. 

Hopmeister, W. 1861. Beue Beitrfige zur Kenntniss der Embryobildung der Phanerogamen. 

II. Monokotyledonen. Abh. K6n. Silchs. Ges. Wiss. 7: 629-760. 

Maheshwari, P., and U. B. Singh. 1930. The development of the female gametophyte of 

A^hodelus tmuifolius. Jour. Indian Bot. Soc. 9: 31-39. 

Ono, T, 1927. Embryologische Studien an Heloniopsis hreviscapa. Sci. Rep. Tohoku Imp. 

Univ., IV, 2: 93-104. 
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Robbins, W. W., and H. A. Borthwick. 1925. Development of the seed of Asparagus 
officinalis. Bot. Gaz. 80: 426-“438. 

ScHARFNER, J. H. iQOi. A Contribution to the life history and cytology of Bot. 

Gaz. 31: 369-387. 

ScHNARF, K., und R. Wunderlich. 1938. Zur vergleichenden Kmbryologie der Ltliaceac- 
Asphodeloideae. Flora 133: 297-327. 

SouioES, R. 1918. Embryog6nie des Liliac 6 es. D6veloppement dc Tembryon chez VAn- 
thericum ramosum. C. R, Acad. Sci. Paris 167: 34-36. 

Soui!:GKS, R. 1926. Embryog6nie des Liliac 6 es. D6veloppement de I’embryon chez le 
Muscari comosum L. C. R. Acad. Sci. Paris 183: 233-235. 

SouEGES, R. 1931. Recherchcs sur Fembryog^nie des Liliacies. Bull. Soc. Bot. France 78: 
662-681. 

SouEGES, R. 1932. Recherches sur Fcmbryog^nie des Liliachs. Bull. Soc. Bot. France 79: 
11-23. 

Wunderlich, R. 1937. Zur vcrgleichende Embryologie der Liluiccae-Scilloidcae. Flora 132: 
48-90. 


Trilliaceae Reports of the failure of fertilization to be effected, or of the 
proembryo to be aborted, in certain species of 2Vt//fww, with the subsequent 
development of an endosperm cell into an embryo, have not been substantiated 
by other investigators and are therefore not accepted here. It is believed that 
the sequence of events leading up to the erection of the megagametophyte 
have been misinterpreted. 

In Trillium erectum an octonucleate megagametophyte is formed following 
the Scilla (Allium) Type and the egg is fertilized. The first division in the 
zygote is transverse. The next divisions may be transverse in both the basal 
and terminal cells, thus resulting in a linear tetrad; or longitudinal in both 
cells to give two tiers of two juxtaposed cells each. These two types of pro¬ 
embryos occur about equally. Subsequent divisions are not simultaneous, so 
that the developing proembryo consists of an unequal and variable number 
of cells. The later development has not yet been worked out. It is not possible 
at the moment to assign T, erectum to a definite Type because of the variation 
in the planes of division during the second cell generation and as nothing is 
known concerning the contribution of the basal cell to the construction of the 
embryo proper. 

The information presented in the preceding paragraph has been derived from the unpub¬ 
lished observations of Auray Blain (McGill Univ.). 


Pontederiaceae:- Fertilization does not occur in Eichhornia crassipes and 
no embryo is formed. 

In Pontederia cordate a three-celled linear proembryo is produced; the 
middle cell appears to be derived from the basal cell. The terminal cell is seg¬ 
mented longitudinally. Subsequent events assign this species definitely to the 
Muscari Variation, Asterad Type. 

The description of the embryonomy of Monochoris hastaefolia does not 
agree with the figures presented. The latter plainly show that the first division 
in the two-celled proembryo is longitudinal in the terminal cell, whereas the 
description states that this division is transverse in the basal cell, and that the 
terminal cell then ^^divides by an anticlinal wall,^^ It is also said that ‘‘in 
some ovules the terminal cell divides again by a periclinal wall,^’ although this 
cell has not yet undergone division. Altogether, this species appears to develop 
essentially as in Pontederia cordate. 

Banerji, I., and S. Haldar. 1942. A contribution to the morphology and cytology of Mono- 

choria hastaefolia Prcsl. Proc. Indian Acad. Sci., B, 16: pi*-io6. 

Smith, W. R. 1898. A contribution to the life history of the Pontederiaceae. Bot. Gaz. 25: 
324-337- 
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A1 s t r o e m e r i a 1 e s 

None of the three families, Alstroemeriaceae, Petermanniaceae or Philesia- 
ceae, has ever been investigated embryologically. 

Arales 

Araceae:- It appears to be established beyond question that in most species 
belonging to the Araceae the terminal cell of the two-celled proembryo divides 
transversely, usually once but perhaps twice in a few species. In either case, 
the outer daughter of the terminal cell is next divided longitudinally. The 
great question is what part, if any, the basal cell plays in contributing to the 
development of the embryo proper. All authors are silent on this important 
point. That the basal cell does divide is beyond dispute, since definite sus- 
pensors are formed in a few species. The arbitrary conclusion here reached is 
that the basal cell does not contribute to the structure of the embryo proper. 
On this basis, assignment of the Araceae in toto to the Caryophyllad Type is 
indicated. There is a marked resemblance between the embryogeny of the 
Araceae and that of the Myriophyllum Variation of this Type. However, since 
but one cotyledon is produced, the family may be distinguished by the creation 
of a separate division, the Aglaonema Variation. 

In Aglaonema ccnnmuiaitim the terminal cell of the two-celled proembryo 
is segmented transversely. In Lysichiton camtschaiensis (—L. americanum), 
the proembryo appears to be erected in a similar fashion, whereupon the upper 
daughter of the terminal cell is divided obliquely, then the larger of the two 
derivatives is segmented in a transversely diagonal fashion. Subsequent 
divisions are very irregular and mostly oblique. Presently a pyriform to 
globular body, undifferentiated except for epidermal initials, is developed. In 
Anthurium cor difolium a single large lateral cotyledon is formed. The three- 
celled proembryo of Anthurium violaceurn is erected as in Aglaonema com- 
mutatum, then both daughters of the terminal cell are segmented longitudinally. 
The basal cell may also be partitioned vertically but this does not always seem 
to be the case. The developing embryo becomes nearly globular, then conical; 
there is no differentiation of any histogens save for the epidermis. The embry¬ 
ogeny of Nephlhytis liberica follows that of Anthurium violaceum; that of N, 
gravemeuthii appears to do so also. Diejfenbachia daraquiniana, Richardia 
ajricana, Aglaonema nitidum^ A. versicolor^ Anthurium crystallinumy Arum 
maculatumy Philodendron wendlandii, jP. gloriosum, Pistia stratioieSy Symplo- 
carpus foetidus all follow the Aglaonema Variation. In Pistia stratioteSy how¬ 
ever, one old account states that both the terminal and basal cells are divided 
vertically, but subsequent divisions are extremely irregular. All the products 
of both cells go into the organization of the embryo. 

The following species form a linear tetrad: Spathynemafoetiday Pothos longi- 
foUUy Pdtandra virginicUy Acorus calamus and probably Arisaema triphyllum. 

It is evident that a more critical survey of the somewhat variable embryo- 
logical forms occurring in the Araceae is desirable. 

Buell, M. F. 1938. Embryogeny of Acorus calamus. Bot. Gaz. gp: 556-568. 

Campbell, D. H. 1899. Notes on the structure of the embryo sac m Sparganium and Lysi¬ 
chiton. Bot. Gaz. 27: 153-166. 

Campbell, D, H. 1900. Studies on the Araceae. Ann. Bot. 14: 1-25. 

Campbell, D. H. 1905. Studies on the Araceacy III. Ann. Bot. 19: 329-349. 

Goldberg, B. 1941. Life history of Petiandra virginica. Bot. Gaz. 102: 641-662. 

Gow, J. E. 1907. Morphology of Spathyema foctida. Bot. Gaz. 43 : 131-136. 

Gow, J. E. 1908. Embryo^ny of Arisaema triphyUum. Bot, Gaz. 45: 38-44. 

Gow, J. E. 1908. Studies in Bot. Gaz. 46; 35-42. 
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Gow, J. E. 1913. Observations on the morphology of the aroids. Bot. Gaz. 56: 127-142. 
Hegelmaier, E. 1874. Zur Entvvicklungsgeschichte monokotyledoner Keime nebst Bemer- 
kungen iiber die Bildung der Samendeckel. Bot. Zeit 32: 673-686; 689-700; 705-716. 
Hofmeister, W. 1861. Neue Bcitriige zur Kenntniss der Embryobildung der Phanerogamen. 

II. Monokotyledonen. Abh. Kon. Sachs. Gcs. Wiss. 7: 629-760, 

Mitchell, M. R. 1916, The embiyo sac of Richardia ajricana Kth. Bot. Gaz. 61; 325-336. 
Rosendahl, C. O. 1909. Embryo-sac development and embryology of Symplocarpus foetidus, 
Minn. Bot. Studies 4: 1-9. 

Lemnaceae The young embryo of Lemna minor bears an astonishing re¬ 
semblance to that of Liliutn parryiy even to the persistence of an apparent 
^'apical ceir'; this species may therefore be assigned to the Lilium Variation, 
Onagrad Type. 

In Lemna perpusilla development is similar to that of L, minor. It is 
claimed that a suspensor is not formed, but this is hardly correct since the illus¬ 
trations reveal that one is present. No definite root tip region appears in the 
mature embryo. 

Blodgeti', F. H. 1923. The embiyo of Lemna. Amer. Jour. Bot. lo: 336-342. 

Caldwell, O. W. 1899. On the life history of Lemna minor. Bot. Gaz. 27: 37-66. 


Typhales 

There is no record of an embryological investigation on the Typhaceae. 

Sparganiaceae Sparganium simplex and S. ramosum conform closel>^ in 
embryological details to the Juncus Variation, Onagrad Type. 

Campbell, D. II. 1899. Studies on the flower and embryo of 11/w. Proc. Calif. Acad. 

Sci., Ill, 1: 293-328. 

Hegelmaier, F. 1874, Zur Entwicklungsgeschichte monocotyledoncr Keime nebst Bemer- 
kungen iiber die Bildung der Samendeckel. Bot. Zeit. 32: 631-639; 648-656. 

SouiGES, R. 1924. Embryog6nie des TyphacSes. D6veloppement de Tembryon chez le 
Sparganium simplex L. C. R. Acad. Sci, Paris 179: 198-200. 


A m a r y 11 i d a 1 e s 

AmaryUidaceae Allium ursinum offers one of the best examples among 
monocotyledonous embryos in which a suspensor is not formed; this species, 
moreover, has been carefully investigated. In general the embryonomy re¬ 
sembles that of Anthericum ramosum, but differs: by the disposition of the ele¬ 
ments in the eight-celled proembryo; by the mode of segmentation of the quad¬ 
rants and the constitution of the twelve-celled proembryo; by the general con¬ 
figuration of the proembryo and the absence of a suspensor; and by the ap¬ 
parently more distinct organization of the radicular extremity. 

The proembryonic tetrad is erected as in Anthericum ramosum and the 
eventual destination of each element is the same, save that the basal element, 
ciy does not contribute to the formation of a suspensor. The four-celled pro¬ 
embryo is erected as in the Onagrad Type and resembles that of A. ramosum. 

Proembryos of Allium flavum, A. paniculatum, A. zebdanense, A. rotundum, 
A. paradoxurn, and A. moly have been superficially described and illustrated; 
all more or less agree with the Anthericum Variation, but all are figured with 
short suspensors. In the last two species the proembryos are early aborted. 
In A. mutabile a suspensor several cells long and two cells in transverse section 
is produced. 

Cyrtanthus parviflarus conforms to the Anthericum Variation. The younger 
embryo of C. sanguineus has an enveloping sheath, still meristematic and with 
four distinct lobes at its apex. Each lobe has its own vascular strand, four 




Iridales 


— 251 — 


Iridaceae 


separate strands arising from the four poles of the root. The lobes at this stage 
are approximately equal. At the base of the sheath is the region from which 
the stem tip will later arise. At a much older stage of growth of the embryo 
the sheath consists of two regions, a lower portion which still envelops the 
growing point, and a long upper projection which has resulted from the greater 
growth in length of one side of the sheath. The abortion of one side of this 
sheath is presumed to be due to pressure exerted by the growth of the extensive 
mass of endosperm cells. At this stage of development, the growing point has 
differentiated the first and second leaves, the first arising on the side corre¬ 
sponding to the aborted side of the sheath, and the second one about opposite 
the first. The sheath is presumed to be ‘‘fusion of two or more cotyledons.’^ 
The basal cell of the two-celled proembryo of Cooperia drummondii is said 
to divide either once or not at all. This species probably conforms to the 
Lilium Variation, Onagrad Type. 

Uippeastrum aidicum^ Leucojum vernum^ Uahranthus chilensis and Crlnum 
capense appear also to follow the Anthericum Variation. 

In Crinum latifolium two types of embryos are to be found: (/) those sur¬ 
rounded by endosperm, and { 2 ) those which are not so surrounded — i.e., 
naked. In both groups the embryo arises from a normally fertilized egg, but 
in the second group the polar nucleus is not fertilized. Otherwise, embryo- 
genesis in both groups is similar. When the endosperm is not developed, the 
growing embryo absorbs all of the nucellus and comes thus to lie naked in the 
ovule. It appears that the terminal cell of the two-celled proembryo divides 
first and transversely, and the basal cell then divides in the same plane. Ap¬ 
parently the two daughters of the basal cell do not divide further but remain as 
a transitory two-celled susf)ensor. In the case of embryos surrounded by en¬ 
dosperm, the developing embryo is about thrice as long as broad, while those 
not surrounded by endosperm are globular-pyriform in shape. The mature 
embryo is differentiated into cotyledon, plumule and radicle in both instances. 

Church, M. B. 1916. The development of the embryo sac and embryo of Cooperia drunt” 
mondii. Bull. Torrey Bot. Club 43: 397-^405. 

Farrell, M. K. 1914. The oya,Ty and embryo olCyrtanthes sanguineus. Bot. Gaz. 57: 428- 
436. 

Hofmeister, W. 1861. Neue Beitrlige zur Kenntniss der Embryobildung der Phanerogamen. 

II. Monokotylcdonen. Abh. K 5 n. Sachs. Ges. Wiss. 7: 629-760. 

Porter, T. R. 1936. Development of the megagametophyte and embryo of Allium mutabile. 
Bot. Gaz. 98: 317-327. 

S 0 X 7 i:GES, R. 1926. Embryog6nie des D6veloppement de I’embryon chez ril/Z/wm 

ursinum L. C. R. Acad. Sci. Paris 182: 1344-1346. 

Sources, R. 1931. Recherches sur I'embryog^nie desBull. Soc. Bot. France 78: 
662-681. 

Stenar, a. H. S. 1925. Embryologische Studien. II. Die Embryologie der Amaryllidaceen. 
Akad. Abhandl. Upi^la i; 1-197. 

Taylor, W. R. 1921. The embryogeny of Cyrtanthns parviflorus Baker. Amer. Jour. Bot. 
8:502-506. 

Tomita, K. 1931. tiber die Entwicklung des nackten Embryos von Crinum latifolium L. 

Sci. Rep. Tohoku Imp. Univ., IV, Biol. 6: 163-169. 

Weber, E. 1^29. Entwicklungsgeschichtliche Untersuchungen Uber die Gattung Allium. 
Bot. Archiv. 25: 1-44. 


Iridales 

Iridaceae:- In Crocus vernus the terminal cell of the two-celled proembryo 
divides transversely, then the upper daughter cell is segmented longitudinally. 
The basal cell appears to remain undivided; it becomes fairly large but not 
vesicular. Subsequent divisions appear to be rather irregular. The embry- 
onomy appears to correspond with that of the Sagittaria Variation, Caryo- 
phyllad Type, 
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Hofmeister, W. 1861. Neue Beitrilge zur Kcnntniss der Embryobilduz^ dcr Pbanerogamen. 
TL Monokotyledonen. Abh. K 5 n. S^chs. Ges. Wiss. 7: 629-760. 


Dioscoreales 

No reports are available for the Stenomeridaceae, Trichopodaceae and 
Roxburghiaceae, 

Dioscoreaceae > The first division in the zygote of Dioscorea villosa is gener¬ 
ally very oblique, occasionally approaching the vertical. The second division 
is vertical in the basal cell, and the third is similarly oriented in the terminal 
cell. This species very likely belongs to the Lilium Variation, Onagrad Type, 
particularly as the developing embryo even shows the apparent ‘‘apical cell.'’ 

Smith, P. M. 1916. The development of the embryo and seedling in Dioscorea villosa. Bull, 
Torrey Bot. Club 43: 545-558. 


Agavales 

The Xanthorrhoeaceae are still uninvestigated, while the account for one 
species in the Agavaceae is sketchy. 

Agavaceae:- In Yticca glauca a linear proembryo consisting of from four to 
eight cells is formed. Apparently most of the cells are derived from the termi¬ 
nal ceU of the two-celled proembryo as it has been stated that the basal cell is 
larger (though not perceptibly so, to judge from the illustrations) than the 
others and may occasionally divide by an oblique wall. 

This species appears to be definitely assignable to the Caryophyllad Type, 
and to either the Sagittaria or Zannichellia Variation. 

Folsom, D. 1916. Studies in the morphology of Yucca glauca. Minn. Bot. Studies 4: 427- 

435 - 


Palmate s 

The Falmaceae have never been studied embryologically. 

Pandanales 

Pandanaceae:- The zygote of Pandantts coronatus divides transversely, then 
both derivatives are segmented longitudinally. Development thereafter is 
very irregular and an undifferentiated ellipsoidal to pyriform embryo is pro¬ 
duced. Assignment is probably best under the Penaea Variation, Asterad 
Type. 

Cami’bell, D. H. 1911. The embryosac of Pandanus. Ann. Bot. 25; 773-789. 


Cyclanthales 

For the Cyclanthaceae there is no report. 

Haemodorales 

Uninvestigated families: Haemodoraceae^ Velloziaceaey Apostasiaceae, 
Taccaceae and Philydraceae. 

Hypoxidaceae:- For Hypoxis dectmbens there is depicted a typical “T- 
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shaped” proembryo of four cells; to judge from the structure of a later embryo, 
this species probably conforms to the Asterad Type. 

Stenar, A. H. S. 1925. Embryologische Studien. JJ. T>\eEmhTyo\o^\c der Anjaryllidaceen. 
Akad. Abhandl. Uppsala i: 1-197. 


Burmanniales 

The Corsiaceae have never been studied. 

Burmaxmiaceae > The first division in the zygote of Butmannia Candida is 
transverse; this is followed by a longitudinal division in the terminal cell, then 
by a transverse division in the basal cell. Assignment is perhaps to the Asterad 
Type, but the evidence is too meager. B, capitata has a ten-celled proembryo, 
while B.javanica and B. maburnia resemble species of Thismia {Thismiaceae). 
B, coelestis is apogamous; from one to three embryos may be formed, depend¬ 
ing on whether the egg alone functions or the synergids also develop into em¬ 
bryos. 

Krnst, a., and C. Bernard. 1912. Beitrilge zur Kenntnis der Saprophyten Javas. TV. 
Entwicklungsgeschichte des Embryosackes und des Embryo von Burmannia Candida 
l!^ngl. und B. Championii Thrv. Ann. Jard. Bot. Buitenzorg II, 10: 1O1-188. 

Pkeiffi:r, N. E, 1914. Moq^hology of Thismia americana. Bot. Gaz. 57: 122-135. 

Thismiaceae In Thismia americana, which is not a saprophytic species as 
are most of the others, the embryo is inconspicuous and consists of three or 
four mostly linearly arranged cells. 

The earliest proembryonic developmental stages of Thismia versteegii and 
T. clandestina were not followed out; hence, the sequence of divisions is not 
known. The figures for the former species show a four-celled proembryo con¬ 
sisting of two superposed cells in the basal region topped by two juxtaposed 
cells. On the presumption that the two lower cells were derived from the 
basal cell, the vertical partitioning of the terminal cell would place these 
species in either the Onagrad or the Asterad Type, depending on the contribu¬ 
tion of the basal cell to the construction of the body of the embryo. Older 
embryos of T, clandestina, although crudely drawn, bear a strong resemblance 
to typical Onagrad Type embryos. 

Ern.st, a., and C. Bernard. 1911. Beitrilge zur Kenntnis des Saprophyten Javas. VI. 
Beitrilge zur Embryologie von Thismia clandestina Miq. und Thismia verstegii Sm. Ann. 
Jard. Bot. Buitenzorg II, 9: 70-77. 

Pfeiffer, N. E. 1914. Morphology of Thismia americana. Bot. Gaz. 57: 122-135, 


Orchidales 

Orchidaceae The embryogeny of the Orchidaceae is not consistent through¬ 
out this large and diverse family. It is extremely puzzling as to the Type to 
which the Orchidaceae as a whole or the individual species should be assigned, 
for the simple reason that the exact sequence of divisions in the young proem¬ 
bryo is most imperfectly known. The proembryo generally consists of three 
sujrerposed cells when the first longitudinal division occurs, but in other species 
a linear filament of as many as twenty cells is produced before any longitudinal 
walls appear. Generally speaking, this would indicate adherence to the 
Chenopodiad Type. In Epipactis palustris the terminal cell is segmented 
longitudinally at the two-celled stage, then the basal cell may divide in either 
plane. Since all the products of the basal and terminal cells enter into the 
construction of the embryo in this species, this would indicate assignment 
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to the Asterad Type. In Stanhopea oculata both basal and terminal cells are 
segmented longitudinally; the four-celled proembryo bears a strong resemblance 
to the Penaea Variation, Asterad Type. The basal cell of Phalaenopsis grandi- 
flora divides longitudinally; the terminal cell first segments transversely, then 
the upper daughter cell is partitioned either transversely or vertically; the 
derivatives of the two basal cells produce embryonal tubes and do not definitely 
contribute cells to the body of the embryo proper. Such a procedure calls for 
disposition under the Solanad Type. 

It is therefore possible to assign certain species to definite Types, but not 
always to Variations already established under these Types since too little is 
known of the exact sequence of divisions in the late proembryo and early 
embryo. Matters are greatly complicated by the fact that no histogens save 
the epidermis are usually identifiable at the time the embryo is mature. There 
is also no definite resting period for most orchid seeds. Until such time as a 
large number of species are carefully investigated and the exact sequence of 
divisions determined, it appears to be better to follow a different procedure for 
the classification of orchidaceous embryos. The characters w'hich are em¬ 
ployed include the presence or absence of a suspensor and the presence or ab¬ 
sence of embryonal tubes and whether the latter arise directly or indirectly 
from the suspensor initial cell. On this basis thirteen distinct developmental 
procedures are recognizable and may be designated as Patterns. 

There exists a definite possibility that the usual clear separation of sus¬ 
pensor from embryo proper in the organization of essential regions of the 
mature embryo breaks down more or less completely in the case of many 
species in the Orchidaceae. Epidendrum cochleatum is a good example: a 
definite suspensor is depicted at a late proembryonic stage, yet it is impossible 
to recognize one at the early embryo stage. This raises the question: has the 
suspensor developed to the extent that it has become an integral part of the 
mature embryo? Or, on the other hand, has it reverted to a possible an¬ 
cestral condition and lost its identity? 

The outgrowths from the suspensor initial or from cells of a more or less 
well developed suspensor, which have been given various and mostly inap¬ 
propriate names in the literature, are here called embryonal tubes, from the 
obvious analogy with similar structures found in various species of the Conifero- 
phyta. 

The following descriptive key serves to elucidate the thirteen Patterns; to 
each Pattern has been given the name of the genus and species whose develop¬ 
ment has been most fully followed out. 

Suspensor absent or represented by a single cell. 1 . Epipactis palustris Pattern 

Suspensor or embryonal tubes or both present* 

Embryonal tubes absent. 

Suspensor linear or slightly curved, consisting of one row of cells only. 

Suspensor cells relatively uniform . 2 . Orchis latifolia Pattern 

Suspensor cells variously swollen or elongated. 

Terminal cell of suspensor alone affected, excessively elongated. 

3 . Goodyera discolor Pattern 
Terminal and sub terminal cells of suspensor extruded from micropyle, more or 
less swollen. 

Terminal cell only branched .. 4 . Serapias linguae Pattern 

All extruded cells branched. 5 . Herminium monorchis Pattern 

Suspensor massive. 

Embryo lackingcotyledon.” .6. Epidendrum cUiare Pattern 

Embryo with presumptive “cotyledon” . 7 . Sobralia macrantha Pattern 

Embryonal tubes present. 

Suspensor initial giving rise directly to embryonal tubes. 
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Embryonal tubes eight or less in number. 

Embryonal tubes growing in one direction only (over body of embryo) .... 

.8. Vanda parviflora Pattern 

Embryonal tubes growing in all directions. 

Embryonal tubes essentially uniform in diameter. 

Tubes unbranched . 9 . Cymbidium bicolor Pattern 

Tubes each with two protuberances. 

. 10 . Phalaenopsis grandiflora Pattern 

Embryonal tubes extended behind embryo becoming several times the di¬ 
ameter of those covering embryo . 11 . Phalaenopsis schilleriana Pattern 

Embryonal tubes often more than eight in number . 

. 12 . Stanhopea ocnlata Pattern 

Suspensor initial developing into a linear primary suspensor with embryonal tubes 
arising from terminal cell of latter. 13 . Etilophea epidendracea Pattern 

I. Epipactis palustris Pattern, — Several orchid embryos are known in 
which no suspensor definitely recognizable as such is developed: Epipactis 
palustris, Listera ovata, Zeuxine sulcata (in which compound megasporic em- 
bryogeny occurs) and Cypripedium spectahile\ of these the development of the 



Fig. 66. — Epipactis palustris, A-I. Proembryos. I, J. Young embryos. K, L. Develop¬ 
ing embryos. M. Presumably mature embryo. Orchis latifolia. N. Four-celled proembryo. 
O. First division in terminal cell. P. Four-tiered quadrant (sixteen-celled) embryo with 
suspensor. Q-S. Developing to mature embryos. All X 240. All these figures are optical 
sections. {Redrawn from Treub 1879). 

first two has been most thoroughly investigated. The upper and lower daughter 
cells of the two-celled stage contribute equally to the sum total of the embryo. 
The second division is longitudinal in the terminal cell and the third is either 
transverse or oblique in the basal cell (Fig. 66A~D). The impression one gains 
is that the basal cell, in embryos of this pattern, was originally a suspensor in- 
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itial whose normal function during the course of evolution became merged 
with that of the terminal cell so that the two share equally in contributing to 
the body of the embryo. On the other hand, however, the basal cell may still 
have retained its normal function of producing the suspensor but it has become 
impossible to distinguish between suspensor and embryo proper. This latter 
conception is illustrated by a survey of the series of embryos in Fig. 66A-J, in 
all of which the appearance of the lower half of each embryo suggests the per¬ 
sistence of the suspensor, but this begins to disappear in an embryo such as 
Fig. 66K and is completely obliterated in nearly mature embryos such as the 
one in Fig. 66M. 

In Cypripedium parviflorum the terminal cell of the two-celled proembryo 
divides longitudinally and the basal cell transversely. However, the basal 
cell apparently does not always divide because some figures of the developing 
proembryo plainly reveal it as a single cone-shaped cell with no evidence that 
it has added any derivatives to the embryo proper. In still other figures there 
is evidence that the upper daughter cell of a transversely divided basal cell may 
add at least one tier of two to four cells to the embryo proper. A regular octant 
is produced in the terminal cell, as in the Onagrad and Solanad Types. The 
developing embryo bears a remarkable similarity to the typical Lilium method 
of development. 

Orchis maculalus f. ericetorium has the first two divisions as in C. parviflorum^ 
but subsequently there is some irregularity. In 0. maculalus f. meyeri as many 
as six sperms (from half as many microgametophytes) may enter a megagame- 
tophyte; of these, two may fuse with the egg, thus producing a triploid embryo. 

NeoUia nidus-avis and Epipactis latifolia are much like C. parviflorum but 
divisions in the terminal cell are irregular. 

Epidendrum variegalum also perhaps belongs to this Pattern, but here it is 
impossible to determine whether the older proembryo consists entirely of em¬ 
bryonal cells or whether a suspensor indistinguishable from the embryo proper 
is present. The first few divisions are transverse, resulting in a filamentous 
proembryo of a varying number of cells. I^ongitudinal walls are soon erected 
and for a time the cells exhibit a very regular two-ranked arrangement. E. 
cochleatum is somewhat similar and better illustrates the difficulty of dis¬ 
tinguishing the suspensor from the embryo proper, as two figures are depicted 
— a young stage with a definite suspensor and an older one without a clearly 
defined suspensor, 

Satyrium nepalense clearly conforms to the Orchis latifolia Pattern, but 
there is some variation in the organization of the suspensor. 

2 . Orchis latifolia Pattern, — This pattern represents a definite advance 
over the preceding one. The various regions are more clearly organized and an 
elongated suspensor is present. The youngest stages have not been described 
in Orchis latifolia, but in other species the first three divisions are apparently 
transverse and the fourth is longitudinal in the upi>ermost cell (Fig. 66N, O). 
It is questionable whether the basal cell divides further after this stage; most of 
the cells of the long suspensor appear to be derived from the lower of the two 
middle cells and its derivatives, all of which divide solely in the transverse 
plane (Fig. 66P). The body of the embryo presently consists of three tiers of 
four cells each, with a large cell in the position corresponding to that occupied 
by the hypophysis in dicotyledonous genera (Fig. 66Q). Whether this cell is 
actually a hypophysis cell is an extremely dubious point; at least, it has not 
divided, except possibly transversely, to add cells to the suspensor, even in 
approximately mature embryos. Periclinal walls erected first in the upper 
layer of quadrant cells and quickly followed by similar walls in the two lower 
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tiers delimit the epidermal initials (Fig. 66 Q). The 
epidermis is more clearly defined in this Pattern 
than in the preceding one. 

Species in the genera Phajus^ Platanihera, Nig- 
ritella and Gymnadenia, as well as Cypripedium 
venustunij C. harhatum and Epidendrum verrucosum, 
have an embryonomy essentially similar to that 
of Orchis latifolia, but all have much shorter sus- 
pensors; that of C. barbatum, for instance, may be 
considerably twisted. 

hlvents in Uabenaria ciliaris and H, iniegra 
are very similar to those in Orchis latifolia. The 
second division is transverse in the basal cell and 
the third is longitudinal in the terminal cell. Divi¬ 
sions then occur rapidly in the derivatives of the 
basal cell until a row of about eight cells is {pro¬ 
duced. The cell immediately below the two juxta¬ 
posed terminal cells is equivalent to the large cell 
usurping a similar position in O. latifolia^ but in 
Habenaria it more clearly has the functions of a 
hypophysis initial since it divides either trans¬ 
versely or vertically and contributes to the con¬ 
struction of the embryo. What part the derivatives 
might have in the development of the radicle has 
not been described. The two terminal cells divide 
transversely to form two superposed groups of two 
cells each, after which stage divisions are rather 
irregular. H, platyphylla is essentially similar to 
the other two species. 

In Himantoglossum hircinum the basal cell 
divides transversely and the terminal cell longi¬ 
tudinally. The middle cell, derived from the 
basal cell, forms a portion of the embryo proper 
and the very suggestive claim is advanced that it 
is these derivatives which become infected with 
fungal mycelium when the seed germinates. The 
embryo in the mature seed consists of from 52 to 
56 cells; of these, 32 are contributed by the ter¬ 
minal cell, 16 by the middle cell and from four to 
eight by the sister of the middle cell. 

3. Goody era discolor Pattern. — The early stages 
are essentially like those in the preceding Pattern, 
but the sequence of divisions in the developing em¬ 
bryo is far less regular (Fig. 67A-D). The basal 
cell of the four-celled proembryo never divides 
after its origin but commences to elongate rapidly 


Fig. 67. — Goodyera discolor. A. Four-celled 
proembryo; basal cell is already beginning to 
elongate. B. Young embryo. C. Developing 
embryo. D. Nearly mature embryo with elon¬ 
gated suspensor cell. All X 240. All these fig¬ 
ures are optical sections. {Redrawn from Treub 
1879). 




Fio. 6S. — Htrminium monorclds, A. Young embiyo at octant stage. B. Slightly older stage showing protru¬ 
sion of half of suspenaor from mkropyle. C. Beginning of swelling and branching of terminal cells of suspensor. 
All X 340. Epidendrum cilUtre. D. Two-celled proembryo. E. Quadrant embryo. F-^J. Stages in development 
of embryo proper* with early stages of suiqpensor growth in 1 and J. £, h. Later stages in development of embryo 
and suspensor. M. Approximately mature embryo. I>*F X 730; X 600; J*-M X 400. AU are optical sec¬ 
tions. (RtdratmfrQmTMEVMzZjg), 
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and when the embryo is approximately mature it may even, especially in Spatho- 
glottis plicatay extend out of the micropyle. The development of the embryo 
has not been followed out very closely, but the divisions are extremely irregular. 
The approximately mature embryo is very narrow, with the epidermal cells 
poorly delimited (Fig. 67D). An apparent hypophysis initial is present. 

A similar embryonomy is present in Corallorhiza maculata. 

4. Serapias linguae Pattern, — In several species of Habenaria and in 
Serapias linguae the filamentous suspensor grows out of the micropyle and be¬ 
comes variously swollen. In Habenaria the terminal cell of the suspensor be¬ 
comes embedded in the placental tissue and acts like an aggressive haustorium, 
while in Serapias the terminal cell is both swollen and profusely branched. 
In Phajus grandijlora the terminal cell of the two-celled suspensor pushes out 
of the micropyle, becomes slightly branched and acts like a haustorium, but 
the structure later perishes. 

This Pattern is apparently a transition form between the Goodyera dis¬ 
color and Eulophea epidendracea Patterns, differing from the former in the 
branching habit of the suspensor and from the latter in that the branches are 
not true embryonal tubes. 

5. Herminium monorchis Pattern. — This Pattern greatly resembles the 
Serapias linguae Pattern in that the filamentous suspensor projects from the 
micropyle for half of its length, but differs in that all cells which protrude be¬ 
come swollen and then branch profusely (Fig. 68A-C). 

6 . Epidendrum ciliare Pattern. — Early developmental stages correspond 
greatly with those in the Orchis latifolia Pattern (Fig. 68D~F), but shortly after 
the quadrant stage one layer after another, each consisting of four cells, is 
erected until the developing embryo may include from eight to twelve such 
tiers before the suspensor initials commence dividing (Fig. 68E'-J). The latter 
at first consist of three or four superposed cells, but it appears that the terminal 
two or three cells do not divide further and that all of the suspensor is derived 
from one or two cells located adjacent to the embryo proper, beginning when 
the embryo consists of about four or six tiers of quadrant cells. Most of tlie 
divisions in the suspensor cells are transverse, but a daughter cell may divide 
longitudinally only once (Fig. 68L). Presently, however, the divisions become 
irregular and the cells are rather uneven in size but preserve the appearance of 
being arranged in two ranks. At intermediate stages of development it is very 
difficult to distinguish between embryo and suspensor, but the embryo pres¬ 
ently becomes ovaliform, with smaller cells, and the epidermal initials are de¬ 
limited. In the nearly mature embryo the suspensor may reach a length twice 
that of the embryonic body (Fig, 68M), 

Other species of Epidendrum evidently also have the same embryogenic 
pattern. 

7. Sobralia macrantha Pattern. — Development of the embryo is none too 
clear. The suspensor is either long or short at first (Fig. bgA-F), eventually 
becoming much like that of the preceding Pattern but remaining shorter than 
the length of the embryo proper. The epidermis is delimited early and is 
regular in development. The embryo rapidly becomes greatly elongated and 
cells are presently produced in greater number at one side of the apex so that 
an overarched protuberance is produced, with a distinct notch at the base of 
the curvature (Fig. 69F~H). This protuberance has every appearance of be¬ 
ing a primitive or at least a potential cotyledon: this is the distinguishing char¬ 
acter of the Sobralia macrantha Pattern of orchid embryogeny, and is, in fact, 
the only Pattern in which anything resembling a cotyledon is produced by the 
embryo. (Fig. 69I). 
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The embryo of Platyclinis is said also to possess a presumptive cotyledon. 

8. Vanda parviflora Pattern. — After the first transverse wall is formed, 
the embryonic initial divides transversely to form the three-celled proembryo 
characteristic of most orchids. The suspensor initial enlarges and divides longi¬ 
tudinally by two walls intersecting at right angles to form a basal tier of four 
cells. Each of these four cells then becomes divided by a vertical wall and all 
eight resulting cells become enlarged and produce embryonal tubes which 
grow up and almost completely surround the embryo (Fig. 70A). These tubes 
eventually wither at the time of dispersal of the seed. 



Fig. 69. — Sobralia macraiUha. A~E. Young embryos; the suspensor is long in the first 
four, short in E. F. Developing embzyo at commencement of “cotyledon" development. 
G. “Cotyledon" well developed. H. Upper half of more or less mature embryo. I. Outline 
of mature embryo with “cotyledon." A-^H X 240; I X 90. All figures are optical sections. 
{Rfdrawfi from Trexjb 1879), 

At about the time the suspensor initial has become four-celled, the terminal 
cell of the proembryo divides by a longitudinal wall, then a similar wall is 
produced in the lower cell. Subsequent divisions are irregular and a spherical 
or ovoid embryo is eventually formed. A cotyledon or internal histogens can 
not be distinguished. 

Vanda spathulaia and V. roxburghii are very similar in development to 
V. parviflora. 

9. Phalaenopsis grandiflora Pattern. — After the first transverse division 
the basal cell divides longitudinally (Fig. 70B) and then the terminal cell is 




Fio. 70. — Vanda spathidaUi. A. Embiyo with embryonal tubes. X120. Phalaenopsis 
grandiflora, B. Three-celled proembryo. C. Four-celled proembryo. D. Quadrant proem¬ 
bryo. E-G. Early embryonal tube development, H, 1 . Surface views of embryonal tubes at 
two successive stages. J. Optical view of I. K. Embryonal tubes in surface view at optimum 
development. L. Mature embryo with strophiole at base, representing all that remains of 
embryonal tubes. B~G X 730; H, J, L X 600; K X 250. Most of the figures, except as noted 
otherwise, are optical sections. (A redrawn from Swamy 1943; B~L redrau>n from Tkeub 1879). 



Johansen 


— 262 — 


Embryology 


first bisected transversely and later either longitudinally or transversely 
(Fig. 7oC~E). The two basal cells are next divided by longitudinal walls 
oriented perpendicularly to the first wall and begin to swell slightly (Fig. 
70B-F). A small protuberance makes its appearance in each cell near where 
the cell abuts on the lower cell of the embryo proper, then each cell divides 
once longitudinally, giving a total of eight cells (Fig. 70F, G). It is difficult 
to visualize this segmentation; probably it occurs somewhat earlier than has 
been stated. In any event, each protuberance becomes rapidly extended over 



Fig. 71. — Cymbidium bicolor, A~D. Description in text. Phalaenopsis schilleriana, E, F. 
Early development of embryonal tubes. H. Unicellular suspensor and two embryonal tubes 
(only one shown). I. Nearly mature embryo with embryonal tubes. Etdopkea epidendracea, 
G. Embryo with embryonal tubes at end of suspensor. A-C X 560; D X 160; E~H X ca. 
320; G X 100. (A-D redrawn from Swamy 1942; E-H redrawn from Trextb 1879; G redrawn 
from SwAMY 1943). ' 

both the body of the embryo and the other end of each cell produces a similar 
protuberance which grows backward (Fig. yoG-J). The two arms of each 
embryonal tube are approximately equal in diameter. At first those tubes 
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covering the embryo are closely applied to the latter but as the embryo ap¬ 
proaches maturity they become twisted or convoluted and those extending 
backward become interlaced (Fig. 70K). Each tube is a unit; it is very rare 
that a transverse wall may be found within a tube. The whole mass of tubes 
is solidly attached to the embryo. As the latter begins to attain maturity the 
mass of tubes slowly commences to shrivel until a small strophiole at the base 
of the mature embryo is all that remains of them (Fig. 70L). 

There is no regularity in the sequence of divisions in the developing embryo. 
At maturity it is elongated, with a fairly distinct epidermis (Fig. 70L). 

10. Cymhidium bicolor Pattern, — The basal cell divides to produce from 
five to seven cells which enlarge, at first somewhat unevenly, to produce em¬ 
bryonal tubes (Fig. 71A-B). Those tubes first developed project toward the 
micropyle, while the later ones grow over the embryonic body. The latter are 
usually more numerous than the former (Fig. 71C, D). The tubes are un¬ 
branched. Except for this unbranched character of the tubes, this Pattern 
is much like that of the following one. 

11. Phalaenopsis schilleriana Pattern, — The earlier stages could not be 
followed out, but are said to resemble those of Vanda tricolor, which also be¬ 
longs to the P. schilleriana Pattern but was not described or illustrated in detail. 

The number of embryonal tubes produced in this Pattern is rather variable: 
they may be as few as two and rarely exceed four (Fig. 71E, f'). In any case 
the region protruding backward is always from twice to four times the diameter 
of the arm projecting over the embryo (Fig. 71H, 1 ). It is debatable whether 
the embryonal tubes in P, schilleriana and V, tricolor represent a reduced or a 
more primitive type than the extensively developed ones of Phalaenopsis 
grandijlora. In a few cases a unicellular suspensor is present in addition to the 
embryonal tubes. 

12. Stanhopea oculata Pattern, — The first division is described as being 
oblique with reference to the longitudinal axis of the ovule, although the zygote 
itself appears to be divided transversely (Fig. 72A). Next each daughter cell 
is bisected by a longitudinal wall (Fig. 72B, C), after which the divisions are 
extremely irregular and all appear to occur in the derivatives of the basal cell 
of the two-celled stage, and in such planes that a group of cells surround the 
terminal cell in a single layer (Fig. 72D-H). Each of these derivative cells is a 
potential embryonal tube initial. The whole mass is composed of from eight to 
fifteen cells by the time the embryonal initials begin to elongate. No single sus¬ 
pensor cell nor definite suspensor, derived from the basal cell, is apparent. The 
embryonal tube initials begin to elongate in different directions (Fig. 72H, I); 
some cover the embryo but most of them extend backward. Division of the 
terminal cell does not commence until the embryonal tubes are considerably 
elongated (Fig. 72I). At least the first two divisions are transverse (whatever 
the orientation of the proembryo), then longitudinal walls are erected in all 
save the lowermost cell (Fig. 72J, K). The epidermal initials are formed com¬ 
paratively early (Fig. 72L, M). The embryonal tubes eventually penetrate 
to all portions of the ovule until restrained by the epidermis of the latter. 

13. Eulophea epidendracea Pattern, — The earlier stages of development 
of this Pattern have not been described in detail; it is stated that the succeeding 
few divisions of the zygote after its first division are most irregular, then one 
of the cells at the chalazal end develops a filamentous row of cells (apparently 
a true suspensor, although probably derived indirectly from the basal cell of 
the two-celled proembryo). The description is vague on this point, but it 
appears that the tip cell of the suspensor divides irregularly into several cells 
(eight?) which are potential embryonal tube initials. These elongate, become 
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somewhat inflated, and grow in all directions but do not cover the embryo 
(Fig. 71G). 

Conditions appear to be decidedly similar in some species of Cyy hidium. 



Fig. 72. — Slanhopea oculata. A. Two-celJed proembryo. B. Four-celled proembiyo. 
C-H. Stages in formation of embryonal tube initials (H is in surface view). I. Terminal cell 
of embryo (with nucleus) surrounded by embryonal tubes. J. Three-celled embryo with 
embryonal tubes. K. Young embryo. L. Developing embryo. M. Adult embryo. All 
figures are optical sections. A-I X 400; J~M X 250. {Redrawn from Treub 1879). 

Polyembryony:- The cleavage type of polyembryony has been reported 
for Cymbidium bicolor and Eulophea epidendracea. In the first species the first 
wall in the zygote is claimed to be vertical (which would assign the species to 
the Piperad Type) and each half develops indep)endently into an embryo. 
In the latter species any cell of the young embryo may proliferate to produce 
additional embryos. 
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Juncales 

The Juncaceae have been carefully studied, but the other families - 
Thurniaceae^ Centrolepidaceae and Restionaceae — have never been investi¬ 
gated. 

Juncaceae:- The embryonomy of Juncus effusus and Luzula forsteri is es~ 
sentialJy identical. 

In L. forsteri the terminal cell first segments longitudinally into two juxta¬ 
posed elements (Fig. 73A, B), then the basal cell divides transversely into 
two superposed cells, m and ci (Fig. 73C). The two upper cells thereupon 
divide longitudinally to give four quadrants disposed in a horizontal plane; the 
middle cell m is similarly partitioned by a vertical wall; and later the basal cell, 
eij is divided transversely into two superposed cells, n and n' (Fig. 73D). This 
is as far as the proembryo of the Juncaceae agrees with those of other Antho- 
phyta; after this eight-celled stage an entirely new character appears. The 
proembryo, contrary to the usual course of events, does not immediately 
thereafter form octants. 

fhe behavior of each stage may now be taken up in detail, first indicating 
the eventual designation of each: the superior tier, g, engenders the cotyledon 
and the hypocotyl; the tier m gives rise to the initials of the root cortex and to 
those of the root cap; from n is differentiated the culminating portion of the 
root cap; and finally w' is converted into a very short suspensor. 

The four elements which compose tier q behave in an identical manner. In 
each is erected a wall that is tangential and curved outwardly to parallel the 
rounded external wall (Fig. 73E). These walls separate two cells in each quad¬ 
rant cell; the outer one now becomes specialized as an epidermal initial (de). 
The inner daughter cell of the original quadrant cell is divided transversely. 
As the result of this last segmentation the entire upper portion of the proem¬ 
bryo corresponding to tier q becomes divided into two new tiers, I and each 
composed of eight elements — four peripheral epidermal cells and four central 
cells (Fig. 73F~I). The peripheral or epidermal initial cells now divide; the wall 
is perpendicular to the curved wall, at about the center of each cell, and divides 
it equally (Fig. 73F, G). The four central upper cells of tier I are each divided 
by two vertical walls, giving rise to three new elements from each mother cell. 
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Altogether, twelve cells disposed in a layer are thus formed: four circumaxial 
cells and eight elements separated from the axis. Next each of the twelve cells 
may be partitioned transversely, or only the four circumaxial cells are so di¬ 
vided while the other eight cells segment tangentially (Fig. 73I). Occasionally, 
however, the central primitive cells of tier / divide horizontally rather than 
vertically to give two circumaxial superposed tetrads; then, in the lower tetrad 
and later in the upper tetrad, vertical walls are erected, thus giving rise to a 
cellular plateau of twelve elements, four medial and eight peripheral. The 



Fig. 73. — Luzula jorsteri. Description in text. A-F X 650; G- L X 370. (Redrawn from 
SouEGES 1933). 

divisions which follow are irregular; there finally results a massive body in 
which no differentiation into periblem and plerome has yet appeared (Fig. 73J, 
K). This mass is for a long time distinctly separated from the lower portion of 
the embryo. 

The four lower central cells of tier V are segmented, like their corresponding 
sister cells in tier /, by vertical walls (Fig. 73H), which demarcate the four 
primary elements of the plerome around the axis and eight to twelve periblem 
elements under the epidermal layer (Fig. 73I). Transverse walls next separate 
this region into two new tiers, k and h (Fig. 73 J). Segmentations proceed more 
rapidly in the upper layer, A, than in the lower layer A; the periblem elements 
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display the most activity. They divide vertically and then transversely to give 
two or three rows of cells, while the circumaxial plerome cells do not divide 
transversely. The cells of the lower tier, h, divide transversely at first, then 
longitudinally when the embryo approaches maturity. These walls separate 
the pericambium exteriorly. 

In the eight-celled proembryo region m is composed of two juxtaposed 
cells (Fig. 73D). They divide by meridionally vertical walls to give four cir¬ 
cumaxial cells (Fig. 73D). Next each divides either by two vertical walls to 
engender one central and two peripheral cells, or by a tangential wall more or 
less inclined and with one end attached to the lateral wall of the epidermal cell 
of the hypocotyl so as to separate an internal and an external cell. In the first 
instance, tier m now consists of a total of twelve cells, and of eight cells in the 
second instance. Subsequently all of the external cells multiply through radial, 



Recapitulatory Table for Luzula foraten 

{from left to riglU) 


I. First Cell Generation 
Proembryo of two cells disposed 
in two tiers; 

ca pco 4- phy -}- pvt -}- icc 
ch «= iec ‘hico-\-co-\-s 

II. Second Cell Generation 
Proembryo of four cells disposed 
in three tiers: 

q «* pco -f phy pvticc 
VI * iec-\-ico 
n^co-\-5 


III. Third Cell Generation 
Proembryo of eight cells disposed 

in four tiers: 

q *= pco 4- phy 4 “ pvt 4 - icc 
m^iec-\~ico 
n CO 

n'^s 

IV. Fourth Cell Generation 
Proembryo of fourteen cells disposed 

in four tiers: 

Arrangement and destinations as in 
third cell generation. 


longitudinal and transverse segmentation to engender the more elongated 
apicU portions of the root cap (Fig. 73J, K). The internal cells always divide 
by obliquely curved walls whose upper insertion is below the elements of the 
periblem of the hypocotyl and the other end on the two primary meridional 
walls. Each such wall separates an upper cell, ieCy which is triangular in section, 
and a lower cell, ico^ quadrilateral in section. The upper group of four circum¬ 
axial cells represents the initials of the root cortex; the tetrad of four lower cells, 
also circumaxial, constitutes the initials of the root cap. 

Occasionally the cells in tier m may develop somewhat asymmetrically, 
exactly as frequently occurs in other species which also follow the Onagrad 
Type, 

In the eight-celled proembryo, tier n is unicellular, and is still in this con¬ 
dition when the remainder of the embryo is quite well developed. Eventually 
the cell divides longitudinally and each daughter cell later divides similarly 
(Fio. 73F et seq.). These four cells complement the root cap and do not divide 
further to any great extent. 

Tier n' of the eight-celled proembryo generally divides transversely into 0 
and but may divide longitudinally or obliquely. The region corresponds to 
a very rudimentary suspensor, sensu stricto. 
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The recapitulatory table for Luzula forsteri, and hence for the Juncus Varia* 
tion, Onagrad Type, is given on p. 267. 

SouicES, R. 1Q23. Embryog6nie des Joncacies. D^veloppement de I’embryon chez Luzula 
forsteri DC. C. R. Acad. Sci. Paris 177: 705-708. 

SouicES, R. 1933. Recherches sur I’cmbryog^nie des Joncacies. Bull. Soc. Bot. P'rancc 
80: 51-69. 


Cyperales 

Cyperaceae:- The embryonomy of Carex panicea resembles that of the 
Juncus Variation, Onagrad Type. 

Hofmeister, W. 1861. Neue Beitrage zur Kenntnis der Embryobildung der Phanerogamen. 
n. Monokotyledonen. Abh. Kdn. Sachs. Ges. Wiss. 7: 629-760. 


Poales (Graminales) 

Poaceae (Gramineae) Foa annua is the species in the Poaceae which has 
been most thoroughly studied. The first zygotic division is transverse (Fig. 
74A), and is followed by a transverse division in the basal cell and a longi¬ 
tudinal division in the terminal cell (Fig. 74B). The two derivatives of the 
basal cell, m and ci, next divide simultaneously: the former is partitioned verti¬ 
cally and the latter transversely into two superposed cells, n and n' (P'ig. 74C, 
D). The two upper cells, designated as (/, are partitioned by vertical walls 
oriented perpendicular to the first wall, then each of the four resultant cells is 
partitioned by more or less transverse or horizontally curved walls to give two 
distinct layers, I and /' (Fig, 74D, E). The cotyledon is derived from these two 
tiers. More vertical walls are erected in the two regions m and w, while «' is 
divided transversely into tiers 0 and p (Fig. 74K). The last cell, />, forms a 
very short suspensor (Fig. 74G et seq,). 

At the moment when the embryo begins to exhibit laterality and the de¬ 
pression which marks the separation of the cotyledon and hypocotyl appears, 
this depression is observed to be produced at the common limit of the two 
regions q and m (Fig. 74T). The upper lip of the coleoptile (c/')> which is dif¬ 
ferentiated shortly after at the expense of the epidermal cells at the base of the 
cotyledon, takes its origin from the region of the proembryo corresponding, 
from all appearances, to the tier V (Fig. 74J, K). From tier m are derived the 
hypocotyledonary axis, the stem apex, the lower lip of the coleoptile, the initials 
of the central cylinder and the cortex of the root. 

The stem apex, the first leaf {pv) and the lower lip of the coleoptile (c/") 
first appear as three rudimentary projections (Fig. 74K). The first structure 
develops but little, while the other two, on the contrary, grow rapidly at the 
top and bottom. The two lips of the coleoptile slowly grow until they meet 
and enclose the stem apex and the rudiment of the first leaf (Fig. 74L). The 
epidermis is quickly differentiated but the other two histogens are developed 
more slowly; eventually they produce in the region which corresponds to the 
plane of separation of the two regions m and n a detachment of tissue, which 
remains united only by the axial and marginal parts. 

Tier n engenders the root cap, coleorhiza and epiblast {ep. Fig. 74J, K). 
The latter originates from the epidermal cells of region ». The central cells of 
this region, united above to the initials of the cortex, multiply by tangential and 
radial segmentations and give rise to a slightly extended tissue, of conical form, 
which represents the root cap {cOy Fig. 74L). The lateral and lower elements 
of the same region contribute to the formation of the coleorhiza (cr, Fig. 74L). 
The regions 0 and p remain composed of elements which multiply but little; 
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from them is developed the lowermost portion of the embryo which corresponds 
to a suspensor and is designated generally by the name of hypoblast (hby Fig. 
74L). In Foa annua the cells of the hypoblast are distinguished by their large 
dimensions and the accumulation of reserve foodstuffs. The limits of the three 
regions, n, 0 and can not be clearly distinguished during the last stages of 
development. 

In Foa pratensis normal fertilization may or may not occur; when a fertil¬ 
ized egg develops into an embryo, the latter may grow to maturity or may be 
inhibited in growth by nucellar embryos. The suspensor is massive and from 
one to several extra embryo-like buds may develop therefrom. The normal 
embryogeny is like that of Foa annua. 



Fio. 74. — Poa annua. Description in text. Partial explanation of symbols: cl, coleoptile; 
rl' and c", two lips, upper and lower; pv, stem apex and first leaf; ep, epiblast, hh, hypoblast; 
ice, initials of root cortex; cr, coleorhiza; co, root cap. A-I X 375; J“L X 190. {Redrawn from 
SouiiGES 1924). 

The proembryonic development of SecaJe cereale^ Triticum vulgare and 
Hordeum vulgar although figured more than eighty years ago, bears a re¬ 
markable resemblance to that of Foa annua. 

The development of Hordeum vulgare, II. satmim, IL distichum, Zea mays, 
Eragrostis chiliensis, Faspalum dilatatum, Triticum vtdgare, Secale cereale and 
Avena saliva in each case is essentially similar to that of Foa annua, although an 
early attempt was made to separate them into three different developmental 
types. The differences reside mainly in variations in the planes of the walls 
laid down in various embryonal regions and these are probably not of sufficient 
importance to warrant separation from the Poa Variation. 

There are numerous fragmentary observations and illustrations in the lit¬ 
erature which do not seem to be worthy of special mention. In general, the 
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embryogeny is essentially similar to that of Poa annua. Among the species in¬ 
volved are Poa pratensis, P. compressa, Saccharum officinarum and Oryza saliva. 
The terminal cell of the two-celled proembryo of Eleusine coracana divides 
transversely, then the upper daughter cell is segmented longitudinally. It is 
said that all cells below these two juxtaposed terminal cells go into the forma¬ 
tion of the suspensor and only these two create the embryo proper. The embryo 
portion is two cells wide for a time, then increases to six cells, at which time the 
epidermis, plerome and periblem are more or less well differentiated. This 
species seems to differ considerably from Poa annua, 

‘‘Polyembryony of a nucellar or suspensor type has sometimes been de¬ 
scribed, but apparently many such observations are the result of misinterpreta¬ 
tion of what actually occurs. The phenomenon comes about through the de¬ 
velopment and subsequent fertilization of more than one megagametophyte 
within the same ovule and is therefore not to be regarded as polyembryony 
sensu strictu. The species concerned are all in Poa: P. pratensiSy P. compressa 
and perhaps others. 

Embryonal Structures:- Most workers agree that the coleoptile, scutellum 
and epiblast are all parts of one structure, the cotyledon, and that they repre¬ 
sent, respectively, the ligule, lamina and auricles of the vegetative leaf. The 
sheathing leaf base disappears, or at least is merely indicated, in the earliest 
embryonic stage of development. The vascular bundles found in these organs 
indicate that the exarch type of organization rather than the normal type of 
epicotyledonary development occurs. It should be observed that most observa¬ 
tions on which opinions concerning the nature of the cotyledon were based were 
made on either fully mature embryos or on germinating seedlings and took no 
account of the earlier developmental stages. 

Andkrson, a. M. 1927. Development of the female gametophyle and caryopsis of Poa 
pralensis and Poa compressa. Jour. .\gr. Res. 34: 

Artschwager, E., K. VV. Brandes and R. C. Starrett. 1920. Development of flower and 
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Chapter XIX 

APOMICTIC EMBRYOGENY 


Apomixis, briefly, is a reproductive process in which no sexual fusion is 
involved. It is a collective term embracing several different phenomena which 
will be described presently. It is sometimes broadened to include various forms 
of vegetative reproduction, such as apocarpy and apoflory; but since embryos 
arc not known to be concerned, these phases will not be considered further. 
The term ^^polyembryony** has frequently been employed in connection with 
apomictic phenomena but as it does not take into account the mode of origin of 
the various embryos which might be present, its use in this sense should be 
abandoned. 

All types of apomixis exclusive of purely vegetative reproduction may be 
described as agamospermy, or reproduction by means of seeds. Agamospermy, 
in turn, consists of diplospory (diploparthenogenesis), apogamety, apospory 
and adventitious embryony. In all save adventitious embryony an alternation 
of generations occurs, at least in the morphological sense. 

The term agamogony has been applied to all types of apomixis in which an 
embryo develops directly from the egg of a diploid gametophyte. This re¬ 
productive cycle invariably involves two processes not included in the normal 
sexual cycle: a substitute for meiosis and a substitute for fertilization. Several 
substitutes are known for each process but none is wholly independent. If an 
agamogonic plant, for instance, is diplop)arthenogenetic, it is also either apos- 
porous or diplosporous. Similarly, if an agamogonic plant is aposporous, it 
is either diploparthenogenetic, pseudogamous or apogamous. (Adventitious 
embryony may also enter into the picture almost anywhere, but for purely 
practical purposes this phase of apomixis will later be treated independently.) 
The various substitutes for meiosis which result in gametophytes with dip¬ 
loid nuclei are collectively designated as apomeiosis. Three fairly distinct 
types have been recognized, although many transitions between them are 
known. In the first type, diplospory, a megagametophyte with the unreduced 
number of chromosomes is developed from an archesporial (or rarely from a 
nucellar) cell; the first division in the megasporocyte is strongly meiotic in 
character. The second type comprises various manifestations of apospory in 
which the megagametophyte develops by a series of purely mitotic divisions. 
If the gametophyte arises from an indubitably somatic cell, usually one in the 
chalazal region of the ovule but occasionally one located elsewhere in the nucel- 
lus, the process is known as somatic apospory. If the gametophyte develops 
directly from an archesporial cell, with meiosis omitted, the designation is 
generative apospory. Occasionally the distinction between archesporial and 
nucellar cells is not sharply defined, so that conditions intermediate between 
somatic and generative apospory are to be found in certain plants. When a 
pseudohomotypic division, in which the chromosomes are strongly contracted 
as in meiosis but are not at all paired, occurs, the condition is known as semi- 
apospory. 
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The preceding classification is not entirely satisfactory and should not be 
considered as a fixed one since all sorts of intermediate conditions are known 
and even different types of apomeiosis may be found in different ovules of the 
same plant. 

Apomeiosis is always followed by one of three abnormal types of embryog- 
eny: parthenogenesis, pseudogamy or apogamety. These terms are often pre¬ 
ceded by the adjective ‘‘unreduced” to distinguish them from the correspond¬ 
ing phenomena (“reduced”) occurring in normal haploid megagametophytes. 
In unreduced (or diplo-) parthenogenesis, the commonest method of embryog- 
eny in agamogamic plants, the embryo develops autonomously from the dip¬ 
loid egg. The embryogeny is very similar to that of a normal embryo, but 
the time at which the egg first divides is extremely variable. In all known 
instances of unreduced pseudogamy the origin of the megagametophyte is 
. aposporic and ordinarily the egg is stimulated into development by the fertiliza¬ 
tion of the polar or primary endosperm nucleus. Apogamety is the develop¬ 
ment of a synergid, antipodal cell or endosperm nucleus into an embryo. The 
term “apogamy” was formerly employed to designate these phenomena but 
has been so misused that the substitution of “apogamety” is to be preferred. 

When the haploid egg of a megagametophyte which originated from normal 
meiosis is in some way stimulated into development without the intervention of 
fertilization, reduced (or haplo-) parthenogenesis or pseudogamy results. When 
some cell other than the egg develops into an embryo, reduced apogamety is 
the result. All these processes usually end in sterile haploids and are not re¬ 
peated from one generation to the next; they are thus described as nonrecurrent 
apomixis. 

At one time it was considered, and it is still maintained by a few investiga¬ 
tors, that agamogonic megagametophytes could be classified into definite types 
according to the presence or absence of a wall subsequent to the first division 
in the megasporocyte. Thus there resulted what were called the Alchemilla, 
Taraxacum and Antennaria Types, but such a grouping has been shown not to 
stand the test of critical examination. The Alchemilla Type, particularly, 
has practically no foundation in fact since the genus Alchemilla exhibits only 
generative apospory and is not parthenogenetic. The majority of other genera 
described as conforming to the Alchemilla Type are also not parthenogenetic. 

Diplospory:- Diplospor)” designates the formation of an unreduced mega¬ 
gametophyte from an archesporial cell in which a division of relatively strong 
meiotic character occurs. The unreduced chromosome number results in either 
of three ways: by the formation of restitution nuclei, through pseudohomotypic 
divisions (equivalent to semiapospory), or by so-called somatic divisions. The 
first two imply meiotic processes, the third a change from meiotic to mitotic 
division with transition divisional types traceable. It is true that the chromo¬ 
some number is not reduced, but the two processes differ from normal sexual 
meiosis only in that pairing of the chromosomes is omitted. Earlier investi¬ 
gators have regarded them simply as somatic divisions, considering that the 
heterotypic division was suppressed, but more modern investigations have re¬ 
vealed that meiosis has merely been altered. 

The three methods by which the diploid chromosome number originates 
are illustrated by the appended diagrammatic scheme (Fig. 75). The upper 
row (A~G) depicts the formation of restitution nuclei. Following the failure 
of pairing in zygotene (A), the diploid number of univalents appears at diaphase 
(B); these univalents, after the dissolution of the nuclear membrane, form a 
semiheterotypic metaphase (C) with or without secondary association. The 
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univalents are carried toward the poles by the stretching of the spindle (D), but 
a few remain near the equatorial plate. A nuclear membrane next envelops 
the spindle and chromosomes (E). A homotypic metaphase follows; it has a 
normal appearance and gives rise to a dyad each of whose nuclei is diploid. One 
of the dyad cells (if a wall is formed) or both nuclei (if a wall is not erected) then 
develop into a megagametophyte. The middle row (H-L) illustrates the pseu¬ 
dohomo typic metaphase as occurring in Taraxacum and other genera. The 
first three stages (H-J) are identical with the corresponding ones in the pre¬ 
ceding process. The spindle fails to stretch and a nuclear membrane is not 



r’lG. 75. — Schematic diagrams depicting the formation of restitution nuclei, pseudohomo- 
typic metaphases and so-called somatic divisions in megasporocytes. Further description in 
text. {Redrawn from Gustapson 1936). 


formed. The chromosomes next move to the equatorial plate, the halves 
separate and then result in two daughter nuclei between which a wall may or 
may not be formed (L). The pseudohomotypic division differs somewhat in 
Hieracium and a few other genera. The resting stages resemble those in the 
so-called somatic division (M-R), and the prophases contain long but rather 
thick chromosomes which do not acquire a spherical shape until metaphase. 
The so-called somatic division (lower row, M~R) involves a retardation of the 
onset of prophase; it is probably nothing more than a degeneration phenomenon 
(an ageing of the cell). In prophase (P) the unpaired chromosomes have a 
mitotic appearance and at metaphase (Q, R) they are somewhat contracted. 
At metaphase-anaphase (Q) the halves of each chromosome move to opposite 
poles, resulting in two diploid nuclei between which a wall is apparently not 
formed. This division proceeds with extreme rapidity. In none of the preced¬ 
ing cases is anything other than a dyad or a binucleate megagametophyte ever 
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produced; quartets have never been observed. One of the dyads develops 
directly into the megagametophyte. 

Although many of the cytological details underlying diplospory and diplo- 
parthenogenesis have been carefully investigated, there is an incredible paucity 
of detailed embryological studies. The best that can be done is to present the 
following classificatory scheme to indicate the means by which diplosporic 
embryos may arise, together with examples of species in which each type occurs. 

A. There is no regular apomictic propagation. E.g.: Ochna serrulataj Artemisia nitida. 

B. Induced diplospory (equivalent to pseudogamy). 

I. Pollination is probable and fertilization of the diploid egg may occur. Either 

fertilization or stimulation of the primary endosperm nucleus may occur. 
E.g.: Poa alpina. 

II. Fertilization of the primary endosperm nucleus is necessary and probably acts 

to stimulate the egg into growth. E.g.: Zephyranthes {Atamosco) texana. 

C. Autonomous diplospory. 

I. All three types of diplosporic megagametophytic development occur. Only 
dyads (morphologically, but not cytologically, equivalent to secondary 
megasporocytes in plants with normal megagametophytes) are ever formed; 
quartets have never been observed. The megagametophyte arises from one 
of the dyads, usually from the larger one when they are dissimilar in size. 
E.g.: Taraxacum spp.; Chondrilla spp.; Wikstroemia viridijlora. 

II. Pseudohomotypic divisions and so-called somatic mitoses occur. The transitional 

stages between meiosis and sexual mitosis are considerably more frequent 
than in the following group. Dyad formation is common but less so than 
the direct transition to binucleatc megagametophytes. In other instances 
as many as five cells originate from the megasporocyte, but it is not known in 
what manner they arise. E.g,: Hicracium spp. 

III. Pseudohomotypic and so-called somatic divisions occur; a wall is not formed 

after these divisions and both nuclei participate in the formation of the 
megagametophyte. Restitution nuclei are not developed. E.g.: Anten- 
naria spp. 

IV. Pseudohomotypic divisions alone, in their purest form, occur. Restitution 

nuclei are not formed, nor do so-called somatic mitoses appear. E.g.: 
Erigeron spp. (except probably for E. mucronatu.s)^ Ixeris dentata (the form 
originally investigated is probably not that species but a triploid derivative 
of I. al pi cola). 

V. Only restitution nuclei are formed. E.g.: Balanophora japonica and probably 
other species; Atraphaxis frutescens. 

VI. Only so-called somatic mitoses occur. Development into the megagameto¬ 
phyte is usually direct. E.g.: Poa alpina^ P. seroHnay Pellionia sp., Elato- 
stemma spp., Arnica alpina^ A. chamissonisy Eupatorium glandulosumy 
Hieractum umhellaiumy Cotylanlhera tenuis (?), Dendrophihora opuntioides (?), 
Parthenium argentatum. 

In addition to the instances mentioned above, there are numerous records 
of obviously diplosporic phenomena in the literature which can not be accurately 
classified because of paucity of essential details. 

Apospory:- Aposporic megagametophytes, containing from one to several 
diploid nuclei, have been described for numerous genera, including such as 
Godetiaj Ftichsia, Crepis and Leontopodon, They appear in the nucellus, 
usually at the chalazal end, and adjacent to the quartet or megagametophyte. 
The embryos arising in such structures must not be confused with nucellar 
embryos, which arise directly from nucellar cells. These supernumerary mega¬ 
gametophytes appear to occur far more commonly than is generally realized. 
The significant fact is that embryos have very rarely been described as origi¬ 
nating in these abnormal megametophytes. The mere presence of such a 
megagametophyte is far from being conclusive evidence per se that apomixis 
prevails; the occurrence of indubitable embryos is required as proof. 
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In the majority of published reports it is difficult to determine precisely 
how the aposporous megagametophyte originated, since the authors are silent 
on this important point. The tendency among those who have written on the 
subject in a broad manner appears to be to disregard the matter, so that the 
following key may serve to distinguish the various manifestations of apospory. 
This scheme is admittedly incomplete and may even be incorrect in certain 
details. 

A. Apomictic propagation is not a regular occurrence but aposporous megagameto- 

phytes are regularly or sporadically formed. E.g.: Leontodon hispidus^ Fuchsia 

riccartonif F. magellanica^ F. hybrida and probably other species, Godetia amoena^ 

Picris hieracioidest Coreopsis bicolor^ Ochna serrulala (?). 

B. Induced apomixis (equivalent to pseudogamy). 

I. The egg possesses a marked sexual tendency in that fertilization is still pos¬ 
sible despite the fact that its nucleus possesses the diploid number of 
chromosomes. When the egg does grow without fertilization, the stimula¬ 
tion comes from the microgametophyte or from the developing endosperm. 
E.g.: Hypericum perforatum. 

II. The egg can either be fertilized or develop parthenogenetically. Fertilization 
of the primary endosperm nucleus is questionable, as is the stimulation or 
lack of such of the egg. E.g.: Poa pratensis. 

III. The primary endosperm nucleus must be fertilized before the egg can develop 

parthenogenetically. Stimulation may possibly also be furnished by a 
microgametophyte. E.g.: forms of Potcntilla collina and probably other 
apomictic species of Potcntilla. 

IV. The primary endosperm nucleus is fertilized but parthenogenetic growth of 

the egg is autonomous. F.,.g.: other forms of Potcntilla collina. 

V, Pollination is a necessary stimulation, but there is probably no actual fertiliza¬ 
tion. The endosperm and egg begin simultaneous (and probably auto¬ 
nomous) growth. E.g.: Alchemilla arvensis^ Parthenium argentatum. 

C. Autonomous apomixis. 

VI. The egg and primary endosperm nucleus develop parthenogenetically. The 
polar nuclei usually fuse (to form the primary endosperm nucleus), and 
internal three-nuclear fusions are common. E.g.: many apomictic forms 
of Alchemilla vulgaris. 

VII. The egg and primary endosperm nuclei develop parthenogenetically, but there 
are no three-nuclear fusions. E.g.: Hieracium pilosella (also H. excellenSf 
U. ramosum^ H. aurantiacum and //. flagellar€?)f Crepis spp. (?). 

VIII. This type is similar to the preceding but the polar nuclei do not fuse. The 
egg commences growth rather early. E.g.: Alchemilla alpina^ Atraphaxis 
frutescens (?), 

There are not enough reports of the development of aposporic embryos to 
warrant further discussion of this subject. 

Pseudogamy:- The term pseudogamy is employed to designate all instances 
in which an embryo is formed without fertilization subsequent to the stimulat¬ 
ing influence exerted by the entrance of a foreign microgametophyte. Pseudo¬ 
gamy is of two types, reduced and unreduced. In the first type, the mega¬ 
gametophyte is formed in the customary fashion following meiosis; in the 
second type, all known examples involve megagametophytes which developed 
through diplospory or apospory. Instances of unreduced pseudogamy, con¬ 
sequently, are described under those topics. 

Unreduced pseudogamy usually implies the simultaneous occurrence of 
haploparthenogenesis (or, as it is caUed by some writers, azygoparthenogenesis). 
One of the best examples of this type of apomixis is that of emasculated flowers 
of Solanutn nigrum (n-36) pollinated with pollen from S, luteum (n-24). The 
microgametophyte of the latter species enters! a megagametophyte which de¬ 
veloped normally. Fertilization is not effected, although one or both male 
nuclei may enter an egg. The male nuclei eventually disintegrate slowly, as 
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remnants of these nuclei may still be observed at even as late a time when the 
embryo has become ten-celled. The haploid egg is stimulated into growth by 
the foreign nuclei and an embryo that appears to be normal is produced. Cer¬ 
tain other embryos appear to have approximately the haploid maternal number 
of chromosomes while others had the diploid maternal number. The latter 
condition presumably arose by the failure of a cell wall to be formed after the 
first proembryonic mitosis (this process is known to occur in other plants), 
with the result that the initial chromosome number was doubled in the suc¬ 
ceeding mitosis when the spindles of the two free nuclei fused. 

Megasporic Embryogeny:- A most \musual type of apomixis occurs in the 
orchid Zeuxine sulcata. The megasporocyte undergoes regular meiosis to form 
a linear quartet of four megaspores. There is no degeneration of any megaspore 
and megagametogenesis is entirely omitted. Each megaspore divides further 
and together all produce a haploid apomictic embryo. There is no organiza¬ 
tion of histogens in these embryos and no suspensor. Occasionally one of the 
megaspores contains a number of free nuclei but a megagametophyte is not 
organized. 

Since this type of apomixis can not be classified under any of the other 
types, the designation “compound megasporic embryogeny’’ may be em¬ 
ployed to include such instances. The word “compound” is used to indicate 
that more than one megaspore is involved; there is a possibility that a single 
megaspore may some time be found to develop into an embryo, in which case 
the designation “simple megasporic embryogeny” could be employed. 

The above report has been disputed. It is claimed that degeneration of the 
ovules begins at the megasporocyte stage and that few if any functional mega¬ 
game tophytes are formed. The embryos are said always to originate from the 
nucellar epidermis; a single such embryo may also cleave, bud or proliferate. 
In short, it is stated that no evidence whatever of megasporic embryos can be 
found. All that can be done at the moment is to present both sides of the 
matter. 
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tenzorg II, 5: 141-152. 

York, H. H. 1913. The origin and development of the embryo sac and embryo of Dcn- 
drophthora opuntioides and D. gracile. II. Bot. Gaz. 56; 200-216. 

Apogamety:- Under the designation “apogamety” are included such 
phenomena as the development of one or both synergids, antipodal cells and 
polar or primary endosperm nuclei into embryos. All the nuclei involved are 
derived from the same original nucleus as is that of the egg, being once, twice 
or thrice removed according to the type of megagametogeny; and hence all, 
with the possible exception of the polar nuclei, may be considered as being 
potential egg nuclei. The question as to whether or not fertilization occurs 
seems not to have been taken into account in many investigations. Authentic 
descriptions of fertilization of all these cells or nuclei have been presented; 
such instances do not primarily come under apogamety for the reason that the 
cell or nucleus involved has assumed the function of the egg. Only those in- 
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stances when the cell or nucleus develops into an embryo without actual 
fertilization involve apogamety. It is, of course, extremely dijfficult in most 
cases to establish whether fertilization occurred; the chromosomal constitution 
of the embryo is the most reliable criterion, but again difficulties are apparent. 
The chromosomes of the other megagametophytic cells and nuclei should be 
determined, both during megasporogenesis or megagametogenesis and subse¬ 
quent to the development of the embryo, whatever the origin of the latter, 
n, on the other hand, the plant concerned is one in which fertilization does not 
normally occur, the demonstration of the apomictic nature of all embryos ob¬ 
served should be relatively easy. 

Synergid Embryos:- The genetical literature abounds with descriptions of 
what are commonly called ^‘haploid-diploid twins,but most of the exi)lana- 
tions advanced for their origin are presumptive and are not based on em- 
bryological studies. In some instances, while one of the pair may be diploid, 
cytological study of the other member has shown it to be triploid rather than 
diploid. There are fortunately several accounts, however, which reveal the 
exact origin of the extra embryos. This is the concurrent growth of one 
synergid into an embryo. 

One of the earliest descriptions, published in i88i, is that of the develop¬ 
ment of one or occasionally of both synergids in Mimosa denhartii. Although 
nothing is said of their cytological constitution, the embryos are presumably 
haploid and are essentially similar structurally to embryos derived from ferti¬ 
lized eggs. Some ten years later the occasional occurrence of two embryos in 
the same embryo sac of Lilium martagon was reported. It was suggested that 
the second embryo arose as the probable result of the fertilization of a synergid 
by a second microgametophyte, but it is now recognized that such an occur¬ 
rence is highly improbable. 

Many reports of the occurrence of two embryos within the same embryo 
sac require reinterpretation in the light of current comprehension of the real 
nature of embryos derived from other than the egg. The extra embryos of 
Vlmus americanaj Linum usitatissimum, Triticum spelta^ in several species of 
Allium and probably in some other recorded instances, all are of indubitably 
synergid origin, although most of the authors appear not to have recognized 
the possibility of such an origin. 

One interesting end-result of certain interspecific or intergeneric crosses is 
the stimulation of a synergid into growth. In the cross Avma strigosa X A. 
fatuaf for instance, the larger of the two embryos depicted undoubtedly arose 
from a fertilized egg while the smaller one developed from a synergid. That 
this can actually happen was demonstrated in the cross NicoHana glutinosa 
(n-12) X N. tabacum (n-24). Here the larger of the twin embryos, presumably 
derived from the fertilized egg, is triploid; the smaller one, derived from a 
synergid, is haploid. When Zygopetalum mackayi is pollinated with pollen 
from Odontoglossum crispum the microgametophytes do not actually penetrate 
the megagametophytes but the stimulus which they exert is sufficient to acti¬ 
vate both the egg, one or both synergids, and cells of the nucellus and inner 
integument into various manifestations of embryonal growth. 

In the case of haploid-diploid twin seedlings of Triticum vulgare and T. 
durum it was speculated that the diploid member arose from a fertilized syner¬ 
gid and the haploid member from an unfertilized egg. This assumption is highly 
questionable; the actual origin of the respective members of the pair is prob¬ 
ably the reverse of the assumption. 

Careful cytological study of the development of synergid embryos began in 
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1926 and involved Plantago lanceolata. The synergid embryo was ascertained 
to be haploid, although structurally it closely simulated the diploid embryo 
derived from the fertilized egg. The most substantial and accurate account is 
the one involving the origin and development of synergid embryos in seven 
species of Lilium: L. regale^ superbum, elegans, henryi, hansoni, martagon and 
longiflorum. Approximately i per cent of the ovules in each species possessed 
twin embryos. One is diploid and originated from the fertilized egg; the other 
is haploid and arose from an unfertilized synergid (Fig. 76). The division of 
the synergid begins at early post-fertilization stages; no evidence of such 



Fk;. 76. — Lilium mariagon, A. Micropylar end of ovule with dividing nuclei in zygote (at 
right) and synergid; with remnants of microgametophyte. B. Developing twin embryos, the 
one originating from a synergid at left. A and B X 400. (Figures from D. C. Coopf.r; see also 
Cooper 1943). 

division w^as observed prior to fertilization. The stage of ovular development 
when a synergid began growth varied somewhat in the various species. 

In Hieracium vulgatum and H. ramosum one or both of the synergids may 
develop into embryos. In Sagittaria graminea one or both synergids some¬ 
times assume an egg-like appearance and develop into embryos. Since more 
than one microgametophyte may enter a megagametophyte, there is a pos¬ 
sibility that the synergids may be fertilized. 

Well developed synergid embryos are said to be common in Alnus rugosa. 
It is evident, at least in Lilium^ that fertilization and growth of the egg are 
necessary prerequisites to the development of a synergid embryo. On the 
other hand, in Calamagrostis ohtusata and C. purpurea fertilization is not ef¬ 
fected; one or all three of the cells comprising the egg apparatus may develop 
into presumably haploid embryos. 

Cooper, D. C. 1943. Haploid-diploid twin embryos in Lilium and Nicotiana. Amer. Jour. 
Bot. 30: 408-413. 

Gentscheff, G. 1937. Zytologische und embryologische Studien liber einige Hieracium- 
Arten. Planta 27: 165-195. 

Gitignard, L. 1881. Rccherches sur Tembryog^nie des Ligumineuses. Ann. Sci. Nat., Bot. 
VI, 12: 5-166. 

Haberlandt, G. 1922. Die Vorstufen und Ursachen der Adventivembryonie. Sitzungsber. 
Preuss. Acad. Wiss. 1922: 386-406, 

JOHRi, B. M. 1937. Studies in the family IV. Alisma plantago h.;Alisnta plan- 

tago-aqmtica L. and Sagittaria grawtneaMich. Proc. Indian Acad. Sci., B, 4: 128-138. 
Kappert, H. 1933. Erbliche Polyembryonie bci Linum usitatissimum. Biol. Zentralbl. 53: 
276-307. 

Kihara, H., and I. Nishiyama. 1932. Different compatibility in reciprocal crosses of Avena 
with social reference to tetraploid hybrids between hexaploid and diploid species. Jap. 
Jour. Bot. 6: 245-305. 
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Stenar, H. 1934(1933). Parthenogenesis in der Gattung Ca/awagm7w. Embryobildung bei 
Calamagrostis oblusata Trin. und Calamgarostis purpurea Trin. Arkiv f. Bot. 25A, Nr. 6. 
Suessenguth, K. 1923. Uber die Pseudogamic hciZygopelalum machayi Hook. Ber. 1). Bot. 
Ges. 41: 16-23. 

Wakakuwa, S. 1934. Embryological studies of the different seed-development in reciprocal 
interspecific crosses of wheat. Jap. Jour. Bot. 7: 151-186. 

Weber, E. 1929. Entwicklungsgeschichtliche Untersuchungen Uber die Gattung Allium. 
Bot. Archiv 25; 1-44. 

Woodworth, R. H. 1929. Parthenogenesis and polyembryony in Alnus rugosa (Duroi) 
Spreng. Science 70: 192-193. 

Antipodal Embryos:- The occurrence of embryos originating from antipodal 
cells has very rarely been described in a manner which leaves no question of 
authenticity. It is important to distinguish between mere proliferation of 
antipodal cells or nuclei and true antipodal embryos. There are a good many 
accounts of the growth and multiplication of one or more of the antipodal cells, 
as in Alangium lamarckii^ but it is highly questionable whether these structures 
are actually embryonic in nature. The problem is admittedly one very difficult 
of resolution. It is necessary to bear in mind the fact that, as far as is known, 
the nuclei of antipodal cells contain the haploid number of chromosomes. 
Whether such cells which proliferate into embryolike structures are homologous 
with haploid eggs which develop into parthenogenetic embryos is again a moot 
question. The evidence so far appears to be contrary to such a conception. 
If the evidence is to be considered as positive, there should be far more reports 
of the occurrence of antipodal embryogeny than are actually found in the 
literature. 

In Vlmus americana one of the antipodal cells may enlarge and assume the 
appearance of an egg. Microgametophytes were observed in the chalazal 
region of the ovule, which indicates that chalazogamy may occur, but there was 
no evidence that the antipodal ^‘egg” was fertilized. In any event, this cell 
may develop into an embryo, which does not have the same structural regu¬ 
larity displayed by the normal embryo developed at the micropylar end of the 
same embryo sac. One of the antipodal cells in Allium roseum may develop 
into an embryo, as may one or two of those in A. odorum and in Eragrostis 
cilianensis. 

There are a number of accounts of the development of embryos at the 
chalazal end of the embryo sac, but the majority of such embryos are derived 
from nucellar cells rather than from the antipodal cells. 

Cappelletti, C. 1932. SuU’azione dei prodotti del ricambio di miceli micorizogeni sulle 
piante capiti. Ann. di Bot. 29: 1-62. 

Gopinath, D. M. 1943. Cases of antipodal polyembryony in i4/a»gt«iw/amofcH*Thw.* Cur¬ 
rent Science: 329-330. 

Haberlandt, G. 1922. Die Vorstufen und Ursachen der Adventivembryonic. Sitzungsber. 
Preuss. Akad. Wiss. 1922: 386-406. 

Shattuck, C. H. 1905. A morphological study of Ulmus americana, Bot. Gaz. 40: 209-223. 
SwAMY, B. G. L. 1044. A reinvestigation of the embryo-sac of Etagrosiis cilianensis (All.) 
Link. Current Science: 103-104. 

Tretjakow, S. 1895. Die Betheiligung der Antipoden in Fallen der Polyembryonie bei 
Allium odorum L. Ber. D. Bot. Ges. 13: 13-17. 

Endospenn Embryos:- Whether the polar nucleus (haploid) or the primary 
endosperm nucleus (diploid or tetraploid according to the type of megagametog- 
eny; representing two or more fusM polar nuclei) can give rise to an embryo 
without or subsequent to fertilization by the secondary male nucleus is a de¬ 
cidedly moot question. It would appear that these nuclei^ alone among those 
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constituting the megagametophyte, have lost the potentiality for the forma¬ 
tion of an embryo. It should be kept in mind that these nuclei, unlike the 
others, are always naked and are never enclosed within individual cell walls, 
which may, at least for the most part, explain their inability to develop into 
embryos. 

A somewhat questionable instance is that of Isomeris arhorea^ belonging to 
the Capparidaceae, The megagametophyte arises directly from a megaspore 
without the intervention of meiosis and consists of two synergid-like structures 



Fig. 77. — Isomeris arhorea. A. Endosperm nodule with pointed end — an early 
stage in embryo formation. B. Young embryo with early transverse walls; concave 
wall formation within nodule is incomplete. C. Young embryo wdth irregular de¬ 
velopment of transverse walls. D, E. Stages in **quadrant” formation, showing 
variation in length of embiyo and in number of concave walls in endosperm nod¬ 
ules. F. Development of epidermis in “octant” stage. G. Diagram of section 
through a young seed with a nearly half-grown embryo. A-F X 365. (Redrawn 
from Billings 1937). 

and a primary endosperm nucleus. There is no egg or egg nucleus. The chro¬ 
mosome number is 17 in all body regions; the plants are therefore haplodiplont. 
Although a microgametophyte may enter an ovule, fertilization of the primary 
endosperm nucleus is not effected* This nucleus presently divides, then the 
daughter nuclei rei>eatedly divide to form a coenocytic mass in the enlarging 
embryo sac. Later a second and different type of endosperm arises from this 
mass. This second type has been designated as nodular endosperm; it begins 
when the cytoplasm in the vicinity of certain nuclei becomes more dense and 
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coarse granules appear (Fig. 77A). These dense areas tend to extend and fuse 
into cylindrical or even globular masses which become still more coarsely 
granular. At first no walls surround or divide the nodules, but the later forma¬ 
tion of walls separates the nodules from the surrounding cytoplasm and the 
free nuclei (Fig. 77B). Distribution of endosperm nodule formation varies in 
different ovules, and the quantity of nuclei going into nodule formation is also 
variable. No walls are formed at first within these nodules. A third, cellular 
type of endosperm now arises, and as its amount increases the nodular masses 
become surrounded by it. The greatly enlarged embryo sac becomes curved, 
assuming a J-shap)e; the embryos originate close to the curve, about equidistant 
from the micropylar and chalazal ends, and always in direct connection with 
an endosperm nodule. The chalazal end of an endosperm nodule becomes ex¬ 
tended into a blunt projection which soon becomes a cylindrical process 
(Fig. 77C). Some of the nuclei pass into this projection and a curved wall is 
formed across the nodule, with the concave surface toward the projection. 
The number of segments is variable but each is multinucleate. At about the 
same time cross walls are develop>ed which separate the contained nuclei into 
one- to several-nucleate cells and the cylindrical process is now distinctly recog¬ 
nizable as a proembryo (Fig. 77D). While the walls first formed are per¬ 
pendicular to the long axis of the cylinder, longitudinal walls early appear but 
the order of their formation is not constant. Further development results in 
the organization of that portion next to the nodule into a suspensor and of the 
outer portion into an embryo (Fig. 77E). The terminal hemispherical cell of 
the embryo twice undergoes division, with a wall formed after each mitosis, 
to produce a ‘^quadrant stage.^^ This cell is not always uninucleate from the 
beginning, since as many as four free nuclei have been observed in it. During 
succeeding divisions the epidermis of the embryo is delineated (Fig. 77F). 
There is no single cell which behaves as a hypophysis. The cells of the sus¬ 
pensor may be uninucleate or multinucleate for some time. The suspensors 
vary in length, are connected to the endosperm nodule for a long period, and 
are always directed toward the micropylar end of the embryo sac — the exact 
normal polarity of the suspensor. Cotyledons are presently developed and the 
tips point toward the chalazal end of the embryo sac (Fig. 77G). It has not 
been stated whether the embryos are capable of germinating into seedlings, but 
this appears to be possible. 

Embryos which supposedly arose directly from endosperm nuclei were ob¬ 
served in Hieracium canadense, H. fiagellare, H. aurantium, H, ramosum and 
H. pilosella, 

Bilunos, F. H. 1937. Some new features in the reproductive cytology of Angiosperms, illus¬ 
trated by Isomeris arborea. New Phytol. 36: 301-326. 

Gentscheff, G. 1937. Zytologische und embryologische Studien Uber einige Ilieracitwt- 
Arten. Planta 27:165-195. 

Haberlandt, G. 1921. Die Entwicklungserregung der Eizellen einiger parthenogenetischen 
Kompositen. Sitzungsb. Preuss. Akad. Wiss. 1921: 861-881. 



Chapter XX 

ADVENTITIOUS EMBRYOGENY 

Adventitious embryogeny embraces all instances in which an embryo is 
developed directly from a nucellar or integumental cell or from a group, isolated 
or not, of such cells. It was formerly described as nucellar embryogeny but a 
more descriptive term is required to include embryos originating from cells of 
the inner integument adjacent to the nucellus. 

In many species in which adventitious embryony occurs it is necessary for 
the egg to be fertilized before the nucellar embryos are able to develop. This 
feature is not so apparant in the case of integumentary embryos. In other in¬ 
stances, stimulation exerted by the entrance of a microgametophyte into the 
megagametophyte is sufficient (or necessary) to cause the development of 
nucellar embryos. 

The two types of adventitious embryos may be discussed separately. 

Integumentary Embryos:- All but two of the following instances concern 
dicotyledonous families; and in all cases, moreover, only the inner integument 
is involved, usually in the near neighborhood of the micropyle. There are no 
reports of the development of embryos from cells of the outer integument, when 
one is present. 

Rosaceae. — A single integumentary embryo was observed in Pokniilla 
replans. It was oriented obliquely lateral to the normal embryo; its dimensions 
were greatly reduced in comparison to those of the latter. Its internal dif¬ 
ferentiation was less clearly indicated, but in the region of the embryo proper 
the same fundamental cellular organization was recognizable. 

Onagraceae. — A callus-like tissue may develop at one side of the embryo 
sac in Oenothera lamarckiana; it is derived from the inner integument and em¬ 
bryolike outgrowths may proceed therefrom. 

Myrtaceae. — In Eugenia malaccensis adventitious embryos develop from 
the epithelial-like cells of the inner integument. 

Solanaceae. — Integumentary embryos similar to those just described for 
Oenothera lamarckiana occur in Scopolia carniolica, but here they are developed 
from the inner tapetal layer of the inner integument adjacent to the micropyle. 

Myrsinaceae. — In Ardisia crispa cells of the inner integument occasionally 
develop into embryos. Other types of apomixis appear to be present in this 
and in other species of Ardisia. 

Cdastraceae. — “Polyembryony” was reported for Evonymus europaeus 
in 1814, but was not confirmed when this species was reinvestigated 130 years 
later. It was also reported for other species, but was not confirmed for any of 
them. However, it was rediscovered for still other species, notably E. lati- 
folius, and also for Celastrus scandens. Two to several apomictic embryos occur 
in most ovules of E. latifolius and all are derived from cells of the inner integu¬ 
ment. The embryo originally derived from a fertilized egg frequently becomes 
aborted. There is also a possibility that embryos arise from the endosperm, 
but the evidence is inconclusive. The apomictic embryos in C. scandens are 
all integumental in origin. 
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Apiaceae, — Integumentary embryos are reported for Ammi majus, 
Amaryllidaceae, — An embryo may develop from the inner integument in 
the micropylar region in Allium roseum and A, odorum, 

Liliaceae, — Cells of the inner integument adjacent to the micropyle in 
Hosta (Funkia) ovaia may proliferate to produce embryolike structures. 

Anderson, A. 1931. Studien Uber die Embryologie der Familien Cdastraceae^ Oleaccae und 
Apocynaceae. Lunds Univ. Arsskr., N. F. Avd. 2, 27: i-iio. 

C’appelleti, C. 1932. Suirazione dei prodotti del ricambio di miceli micorizogeni sulle 
pianle ospiti. Ann. di Bot. 29: 1-62. 

Dahlgren, K. V. O. 1916. Zytologische und embryologische Studien liber die Reihen Primu- 
lales und Plumbaginales. Kungl. Svenska Vetensk. Handl. 5O, Nr. 4. 

Haberlandt, G. 1921. t)bcr experimentelle Erzeugung von Adventivembryoncn bei 
Oenothera lamarckiana. Sitzungsb. Preuss. Akad. Wiss. 1921; ()95“725. 

Maberlandt, G. 1922. Die Vorstufen und Ursachen der Adventivembryonie. Sitzungsb. 
Preuss. Akad. Wiss. 1921: 386-406. 

Hakansson, a. 1923. Studien Qber die Entwicklungsgeschichte der Umbelliferen. Lunds 
Univ. Arsskr., N. F. Ayd. 2, 18, Nr. 7. 

PrjL, L. VAN DER. 1934. Uber die Polyembryonie bei Eugenia. Rcc. trav. bot. N6crl. 31: 
113-187. 

SoukGES, R. 1935. Polyembryonie chez le Poteniilla re plans L. Bull. Soc. Bot. France 82: 

381-384. 

Nucellar Embryos:- An attempt has been made to separate the various 
manifestations of nucellar embryogeny into three main divisions. The scheme 
is workable in the main, but only so far as all the circumstances surrounding 
the origin of the nucellar embryos are known. There are numerous reports 
which do not present sufficient detail to permit the classification of the si:>ecies 
concerned. This scheme will be presented first, following which all the species 
will be listed according to their respective families. 

A. No actual apomictic propagation exists; the formation of nucellar embryos is merely 

a sporadic tendency. E.g.: Clarkia elegans, Poteniilla geoides. 

B. Induced nucellar embryony (equivalent to pseudogamy), 

I. The formation of nucellar embryos is dependent upon fertilization and subse¬ 
quent division of the egg. E.g.: Citrus aurantium, C. trifoliata^ some vari¬ 
eties of Mangifera indica^ Eugenia hookeri (?). 

II. The formation of nucellar embryos is dependent upon fertilization of the egg 
or upon stimulation by the microgametophyte. This type is almost similar 
to the preceding one. E.g.: Opuntia vulgaris^ Funkia ovata, Euphorbia 
dulciSy Spathiphyllum patiniiy Tulipa gesneriana, Smilacina racemosa, 

III. The formation of nucellar embryos is caused by the entrance of the micro¬ 

gametophyte of some other species. The egg, when such is formed, is 
fertilized but develops only into a short-lived monstrosity. E.g.: Epilo- 
bium hirsutum pollinated by E. dodonaei; E. montanum pollinated by E. an- 
gustifolium; Oenothera muricata pollinated by Oenothera biennis; Poteniilla 
nepalensis X P. splendens pollinated by P, nepalensis; Nicotiana rustica 
pollinated by Petunia sp. 

IV. Formation of nucellar embryos is induced by injection of growth-promoting 

substances. E.g.: Petunia violacea, 

V. The formation of nucellar embryos is autonomous but the entrance of a micro¬ 
gametophyte is necessary to stimulate the development of seeds and 
fruits. E.g.: Nothoscordum fragrans. 

VI. The formation of a cellular endosperm is necessary to initiate the develop¬ 
ment of nucellar embryos. E.g.: Calycanthus spp., Chimonanthus spp. 

C. Autonomous nucellar embryony. 

VII. The entrance of a microgametophyte is not necessary but when this occurs it 
apparently does accelerate the tendency to the formation of nucellar em¬ 
bryos. A mature megagametophyte is not produced. E.g.: Nigritella 
nigra, Zeuxine sulcata. 

VIII. Neither the entrance of a microgazdetophyte nor fertilization is required, 
but the formation of nucellar embryos is apparently stimulated by the 
degeneration of aposporous megagametophytes. E.g. Ochna serrutata. 

IX. Neither the entrance of a microgametophyte nor fertilization is required. 
Nucellar embryo formation, as well as seed and fruit development, is 
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autonomous. £.g.* Xanthophyllum bungei^ Caelobogyne ilicifolia, Sarco- 
cocca pruniformis, Allium roseum^ species of Citrus other than those listed 
under BI above, Mangifera indica (at least some varieties), Mallotus japon- 
ica, Colchicum autumnale (?), Euphorbia dulcis (?). 

Onagtaceae, — Nucellar embryos occasionally occur at the micropylar end 
of the embryo sac of Clarkia elegans. A normal embryo is developed. 

Hypertrophied proliferations of nucellar cells, which have the general ap¬ 
pearance of embryos, are formed in Epilobium hirsutum and E. montanum 
when these species are pollinated with pollen from E. dodonaei and £. angusti- 
folium respectively. Single embryoiike bodies are similarly produced when 
Oenothera muricata is fertilized by pollen from O. biennis. 

Nucellar embryos originate at the chalazal end in Oenothera lamarckiana 
or may occur at the micropylar end or at both ends. A few bear a slight re¬ 
semblance to normal embryos, but most are in the form of monstrosities. 

Solanaceae. — A growth-promoting substance (called Belbitan*^ but other¬ 
wise undescribed) injected into ovules of Petunia violacea induced the formation 
of small nucellar embryos. Other ovular tissues were stimulated into enlarge¬ 
ment but none developed apomictic embryos. 

Calycanthaceae. — Nucellar embryos occur in Calycanthus floridoy C. 
occidentalis and Chimonanthus praecox, while only a single massive, very ir¬ 
regularly constructed structure occurs in several other species of Chimonanthus. 
The nuclei of the megagametophytes in all species degenerate. 

Myrtaceae. — From two to twxnty-two embryos occur in the seeds of 
Eugenia hookeri] most of the extra embryos are presumably nucellar in origin. 

In Eugenia jambos the formation of nucellar embryos is dependent upon 
fertilization of the egg. 

Buxaceae. — Sarcococca pruniformis develops a megagametophyte as usual but 
this degenerates as a result of the failure of fertilization. The polar nuclei fuse 
and develop a nuclear endosperm. Several cells of the nucellar cap above the 
megagametophyte in the micropylar region become richer in cytoplasm and 
presently divide to produce from two to as many as eleven embryos (Fig, 
79A, B). One or two of these develop to maturity and the embryos have an 
essentially normal appearance. 

Somewhat similar phenomena occur in Sarcococca ruscifolia and probably 
in other species in this genus. 

Betulaceae. — Nucellar budding is claimed to be present in Alnus rugosa. 

Rosa^eae. — In the hybrid Potentilla nepalensis X P. splendens the mega- 
sporocyte fails to develop beyond the diaphase stage and degenerates. If 
flowers of this hybrid are pollinated with pollen from P. nepalensis^ nucellar 
embryos are produced in from 10 to 20 per cent of the ovules. Two days after 
pollination three large nucellar cells have appeared in the space formerly oc¬ 
cupied by the megasporocyte. Pollination with pollen from one parent appears 
to be necessary for the stimulation of the nucellar cells into embryonal de¬ 
velopment. By the further division of these cells an embryonal mass is formed, 
but the development of the structure to maturity was not followed out. 

Aposporic megagametophytes which may total as many as three in a given 
ovule, as in P, argyrophylla, are also known in the above mentioned hybrid. 
The egg in such a megagametophyte may be stimulated into growth (but is 
not fertilized) by pollen from P. nepalensis since young embryos have been ob¬ 
served in such aposporic megagametophytes. It is apparent, therefore, that 
both adventitious embryogeny and somatic apospory occur here. 

Capparidaceae. — Typical nucellar polyembryony is extremely common 
in Capparis frondosa^ as many as twenty having b^n observed in a single 
ovule. A normal embryo is usually present. 
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Anacardiaceae, — Behavior in the mango, Mangifera indica, depends upon 
the variety. In the Strawberry mango fertilization does not occur; numerous 
adventitious embryos may arise from nucellar cells, both those directly abutting 
on the micropyle and those on the sides of the megagametophyte opposite the 
funiculus. 

In the Carabao and Pico varieties the egg is fertilized and gives rise to a 



Fig. 78, — Sarcococca prunijortnis. A. Nucellar cap with one developing and two potential 
adventitious (nucellar) embryos. B. Eleven potential adventitious embryos. Spathiphyllum 
paiinii, C. Normal and nucellar (stippled) young embryos. D. Older normal and nucellar 
(stippled) embryos. Euphorbia didcis. E. Three nucellar embryos without suspensors and 
one with a suspensor. A X 335; B X 60. (A, B redrawn from Wiger 1930; C. D redrawn 
from ScHURHOFF and J'ussen 1925; E redrawn from Heoelmaiek 1903). 

normal embryo, but it may degenerate in the former. In both varieties nucellar 
embryos arise from the epidermal nucellar cells around the micropyle. 

Cactaceae. — The development of embryos from nucellar cells was first 
described with sufficient accuracy in Opuntia vtUgaris. Isolated groups of 
nucellar cells, one to three cell layers deep and located at or close to the mi- 
cropylar end of the ovule, become meristematic and grow outward as irregu¬ 
larly shaped protuberances. From one to several embryos begin development 
on each protuberance. One of these gains an advantage over the others and 
becomes more fully developed although one to three of the others may also 
attain a more or less mature condition and all are capable of germination. 
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Euphorbiaceae, — In Euphorbia dtdcis from two to six embryos may be 
produced, all arising at or near the micropylar end of the ovule and originating 
independently of the others. A nucellar cell becomes enlarged and divides ap¬ 
proximately transversely; the second division is usually perpendicular in the 
outer cell but it may be transverse (Fig. 79E). Later divisions are decidedly 



Fio. 79. — Nigritella nigra. A. Nucellua with quartet and apical proembryo. B. Nucellus 
with apical proembiyo but without megaspores. C. Two-nucleate megagametophyte, two 
degenerated megaspores and two overlying proembryos. PoteniiUa nepalensis X P. splendens, 
D. Early nucellar embryonal cells. E. Adventitious embryo five days after pollination. 
A-C X 1000; D, E X ca. 500. (A-C redrawn from Afzeuus 1928; D, E redrawn front Gen- 
TSCHEFF 1938). 

irregular; either a globular mass of cells or a cylindrical “proembryo” not 
more than two cells in width may be formed. Although all embryos may de¬ 
velop to maturity, it appears that the one with the longest suspensor gains the 
ascendancy over Uie others. 
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In Mallotus japonicus fertilization does not occur. Nucellar (or possibly 
integumental?) embryos, usually two in number, arise at the micropylar end 
of the embryo sac. 

Rutaceae, — Nucellar embryony is very prevalent in cultivated species and 
varieties of Citrus, In some it is the sole means of reproduction, but in C. 
trifoliata and C. aurantium normal embryos are also produced. 

Araceae, — Normal fertilization (in greenhouse plants) occurs in Spathi- 
phyllum patinii and a normal embryo is usually but not always present. In 
addition, from two to six embryos are developed from the nucellar cap below 
and at each side of the micropyle (Fig. 79C, D). The normal embryo can al¬ 
ways be distinguished from the adventitious ones in that it possesses a broad 
suspensor or The normal embryo develops to a greater extent than 

do any of the apomictic embryos, but as the seeds are not viable, it is not known 
which embryo or embryos are capable of producing seedlings. 

Amaryllidaceae, — Nucellar embryos, in the absence of fertilization, arc 
developed in Allium roseum. Similar embryos are also found in Nolhoscordum 
fragrans. 

Orchidaceae, — The megasporocyte of Nigritella nigra is surrounded by a 
single layer of epidermal cells, the equivalent of a nucellus. As in most orchids, 
a quartet of megaspores is produced; all save the chalazal one degenerate. A 
normal megagametophyte is not formed in the functioning megaspore. No 
microgametophytes were observed. Despite the absence of fertilization, an 
embryo may be formed within the enlarged megaspore cell; its exact nature is 
unknown. Ordinarily one or more embryos arise from the epidermal-like 
nucellar cells at the apex of the ovule. These grow outward from the micro¬ 
pyle and beyond the ovule. 

Essentially similar embryos are developed in Zeuxine sulcata, in which 
compound megasporic embryogeny is also present. Two or more of the upper 
cells of the single-layered nucellus become inflated and flask-shaped with very 
narrow necks, then develop into diploid embr>^os. 

Liliaceae. — The proembryo does not develop beyond the few-celled stage 
in Tulipa gesneriana; its position, following degeneration, is occupied by an 
embryo developed from the nucellus near the micropyle. 

From one to four or five nucellar cells in the vicinity of the micropyle de¬ 
velop into mature embryos in Smilacina racemosa. Entrance of the micro- 
gametophyte is necessary for the stimulation into growth. The egg rarely de¬ 
velops into an embryo. 

Nucellar embryony occurs in Colchicum autumnale; fertilization is probably 
unnecessary to stimulate the nucellar cells into growth. 

Foaceae, — Nucellar embryony is extensive in Poa pratensis. Embryos 
arising from the micropylar and chalazal ends of the embryo sac are larger and 
more vigorous than those originating in other regions. 
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Chapter XXI 

POLYEMBRYONY 

Definition:- The term ‘‘polyembryony*’ requires redefinition. It is too 
loosely employed, usually to designate occurrences of one or more types of 
apomictic phenomena. Such instances should properly be described by the 
nature of the apomictic process or processes and not as polyembryony, since 
the use of the latter designation in this sense fails to signify the nature of the 
embryos. For example, if one of twin seedlings is haploid and the other dip¬ 
loid, it can ordinarily be taken for granted that the diploid seedling arose from 
a fertilized egg, while the haploid seedling developed from an unfertilized 
synergid. Such an example should be classified as normal embryogeny ac¬ 
companied by apogamety, not as polyembryony. Again, nucellar embryos 
often arise as groups; this may be polyembryony in one sense, but the proper 
designation is adventitious embryogeny. 

Other phenomena which should be ruled out of classification as polyembry- 
onic include: 

A. Spurious or false polyembryony: 

1. Two or more incompletely developed ovules may have a single megagametophyte, 
from which usually only a single embryo arises. 

2. The nucellus becomes divided early in the ontogeny of the ovule and each nucellus 
develops independently within the integuments. One megagametophyte may be fertil¬ 
ized, rarely both may give rise to embryos; usually the ovule perishes. This phenomenon 
is very common in the LoratUhaceae {Viscum^ Razoumofskya) y Onagraceae {Clarkiay Fuchsia)y 
Orchidaceae (Orehisy Gymnadeniay Platanthera)y and others. 

3. There may be two to several megagametophytes in the nucellus of the same ovule; 
they may have arisen from different mother cells of a multicellular archesporium, or 
from the same megasporocyte. 

4. A normal and an apomictic megagametophyte may occur in the same ovule. Such 
are common, for instance, in apomictic species of Hieracium. 

B. So-called ‘‘true polyembryony.^’ 

1. In a three-celled egg apparatus there may be no typical differentiation between 
egg and synergids. (It may be recalled that in many genera the egg and synergid nuclei 
are sisters, either immediate or once removed.) In some species of Burmannia more 
than one of these cells may develop into an embryo; this matter requires a careful cyto* 
logical investigation to determine the exact nature of the embryos. 

2, In the older literature there are accounts of the development of embryos from 
“ two or more potential eggs.” These indubitably require confirmation. 

5. Embryos derived from antipodal cells, from the endosperm, whether coenocytic 
or cellular, and from synergids. 

With all these eliminations, there remain, in the strict sense, only three 
causes of true polyembryony in the Anthophyta: 

1. A normal egg gives rise to a more or less multicellular body from which several 
potential embryos arise. Tulipa and Erytkrantutn (Fio. 80E-H) are classical examples. 
Or,, again, a normal embryo is first devdoped and an extra embryo may arise by epi¬ 
dermal budding, as in NicoHana rustica (Fro. 80D). 

2. A filamentous proembryo first develops from the egg, then its terminal cell splits 
longitudinally into two embryonal initials. The evidence in all recorded cases is circum¬ 
stantial. Nymphaea advene was the first instance to be described. 
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j. The zygote may divide longitudinally and the two daughter cells become more 
or less separated and each develops independently into an embryo. The two embryos 
are equivalent to identical twins. Cymhidium bicolor furnishes one authentic instance 
(Fio. 80A-C). 

Polyembryony in the Anthophyta may therefore be described as the forma¬ 
tion of more than one embryonal initial by a fertilized egg in either of three 
ways: (/) the zygote divides vertically and each derivative develops inde¬ 
pendently; (2) the terminal cell of a filamentous proembryo splits into two em¬ 
bryonal initials, or (3) an embryogenic mass of cells is produced from which 
several potential embryos arise. In most instances only one embryo attains 
maturity. 

Discussion:- Cymbidium bicolor affords perhaps the best authenticated 
instance of cleavage polyembryony among the Anthophyta. The first division 
in the zygote is customarily transverse, but may occasionally be either vertical 
or pronouncedly oblique (Fig. 80A). When such walls are produced, the two 
resulting cells may become more or less separated and each develops inde¬ 
pendently into an embryo complete with the characteristic embryonal tubes 
(Fig. 80B, C). Out of some 2,000 ovules which were examined, about 2 per 
cent, contained two embryos. One of the embryos is usually slightly smaller 
than the other. 

One case of polyembryony was observed in Nymphaea advena. The exact 
origin is somewhat dubious, but the presumptive evidence points to the split¬ 
ting of a very young embryo. The normal embryo has from two to four basal 
cells (equivalent to a suspensor), whereas each of the two embryos has only 
one basal cell. 

The question of the origin of polyembryony in Crotalaria sagiUalis is equally 
dubious. Two instances were noted: in one there were two and in the other 
four embryos. It is improbable that the extra embryos were derived from the 
synergids since these cells normally disintegrate very early. The primary 
embryo most likely split during an early stage of growth. Similar embryos 
have been described for Mimosa denhartii; the extra embryos were presumed to 
have arisen from synergids but their origin could equally well have been similar 
to those of Crotalaria, 

It will be noted that the preceding cases of polyembryony occur among 
dicotyledonous genera; the other type of polyembryony, consisting of the 
formation of an embryogenic mass from which several potential embryos arise, 
occurs only among monocotyledonous genera. This type of polyembryony 
was first discovered in Erythronium americanum, and subsequently in several 
other species of this genus. The zygote divides first transversely, then both 
daughter cells are partitioned longitudinally (Fig. 80E, F). It is not clear as 
to whether the basal or the terminal cell of the two celled proembryo con¬ 
tributes the greater part of the embryogenic mass of cells which is presently 
produced. It would appear, however, that the entire basal portion of the em¬ 
bryogenic mass is produced by derivatives of the basal cell while the outer po¬ 
tentially embryonic cells are derived from the terminal cell (Fig. 80G). This 
conclusion is further supported by the fact that the basal portions of the em¬ 
bryogenic mass disintegrates after the several embryos have been formed, 
exactly as a suspensor withers when a normal embryo approaches maturity. 

The succeeding divisions in the quadrant embryo exhibit no fixed sequence 
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or planes (Fig. 8oF). A broad and somewhat flattened mass of embryogenic 
cells is presently formed (the corps embryogen^” of Guignard) and on the 
free outer surface two or more protuberances make their appearance. In 
Eryihronium hartwegi the embryogenic mass gives rise regularly to only one 
embryo; in the other species from two to four potential embryos is the cus¬ 
tomary number. The embryogenic mass is much more extensive in Tulipa 
gesneriana than in Eryihronium, but the number of potential embryos is about 
the same. One of the young embryos soon gains the ascendancy over the 
others and develops into a viable embryo which has all the appearances of be¬ 
ing normal. 

Precisely how the multiple embryos in Eryihronium dens-canis arise is not 
very clear. They are stated to originate from the terminal cell of the two- 
celled proembryo (which divides transversely) although it would appear from 
the original illustrations that they could equally well originate from the de¬ 
rivatives of the basal cell (which divides vertically). The extra embryos, in 
any event, arise very early in the ontogeny of the proembryo; a massive cellular 
tissue is not first formed. 

The cells in the embryogenic mass of Tulipa gesneriana have been described 
and figured as being bi- to multinucleate; there are also bi- and trinucleate 
cells figured in the oldest stages depicted for Eryihronium americanum. Later 
investigations on other species of Eryihronium have not confirmed this cyto- 
logical phenomenon. 

It is highly probable that splitting of the proembryo or young embryo oc¬ 
curs in Zea mays and Asparagus officinalis. 

In Limnorchis emarginala the basal cell of the two-celled stage never di¬ 
vides again when the embryo develops normally. A few instances are known 
in which this cell divides repeatedly to engender a globular embryogenic mass 
from which several potential embryos arise. Later development was not fol¬ 
lowed out. 

In Linum usilaiissimum the normally fertilized zygote may presumably 
split in various ways, usually more or less transversely or both transversely and 
longitudinally, after the first two or three divisions, to form from two to three 
identical twin'' embryos. However, since the exact origin of the extra embryos 
is not entirely clear, confirmation is required. 

An authentic instance of budding from the epidermal layers of the upper 
part of a well developed embryo is afforded by Nicoliana ruslica (Fig, 8 o 1 )). 
If the embryos both developed to maturity they would afford an excellent 
example of true polyembryony among the Anthophyta. Polyembryony 

Fig. 8o. — Cymhidiutn bicolor. A. Longitudinal section of zygote. B. First transverse 
division in one daughter cell, C, Developing embryos with embryonal tubes. Further de¬ 
scription in text. Nicoliana ruslica. D, Secondary embryo budding from primary embryo. 
Eryihronium americanum. E. Two-celled proembryo, with mitosis in basal cell. F. Four- 
celled ^/mbryo. G. Developing embryonic mass. Eryihronium revolulum. H. Embiyonal 
mass with early differentiation of several potential embryos. A-C X 560; D X 800; E-H X 
250, (A-C redrawn from Swamy 1942 ; D original from D. C, Coopex — see also Cooper 1943; 
B-G redrawn from Jeffrey 1895; H redrawn from Guerin 1937). 
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caused by budding from suspensor cells is fairly common in Zauschneria lati- 
foliaf and from one to two embryo-like structures may similarly occur in Lo¬ 
belia syphilitica. When there are two such extra embryos they may be ar¬ 
ranged one beside the other or one after the other at different locations on the 
suspensor. A single bud-embryo developed from the suspensor has also been 
described in Isotoma longiflora. 

One type of true Angiospermic polyembryony occurs in Cynanchum vince- 
toxicum. The zygote divides transversely at least twice, whereupon the basal 
cell commences to proliferate to form a massive embryogenic mass very similar 
to that produced in Tulipa and Erythronium, The original terminal cell con¬ 
tinues to develop and prepuces a single embryo. The cells of the embryogenic 
mass may produce from one to several embryos which do not develop in such a 
regular fashion as does that derived from the terminal cell. 
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GLOSSARY 


The following list of terms and their definitions is intended to include all 
those peculiar to plant embryology. 

Explanation of abbreviations. — A, Anthophyta; G, all gymnospermous 
phyla; Co, Coniferophyta; Cy, Cycadophyta; E, Ephedrophyta; Gi, Gink- 
gophyta. If no symbol is included, the term is common to all groups. 

Acoiyledonous. A: without cotyledons. 

Agamogony. A: in apomictic reproduction, those instances in which an alternation of 
generations is involved. 

A gamospermy. A: reproduction by means of seeds, whose embryos are generally of apomic¬ 
tic origin. 

Anticlinal, Referring to walls, those wliich are perpendicular to the external surface or at 
right angles to periclinal walls. 

Antipodal {Nuclei or Cells), A: those megagametophytic structures occupying the chala- 
zal end; not always present. 

Apical Cell, G: a cell initial with from one to three cutting faces, 

Apomeiosis, A : absence of chromosome reduction in the development of a megagameto- 
phyte. 

Apomixis. A: a reproductive process in which sexual fusion of gametes does not occur. 

A pospory, A: in apomictic plants, those cases in which the first division in the megasporo- 
cyte is strongly mitotic; otherwise, the megagametophyte develops from a somatic (nucellar) 
cell. 

Archegonium. Co, Cy, Gi: one of from two to numerous large uninucleate (rarely binucle- 
ate) cells produced at or near the apex of the megagametophyte, in which the embryo arises 
subsequent to fertilization; absent in certain Ephedrophyta. 

Calyptrogen. A: the tier of cells or the histogen from which the cells of the root cap origi¬ 
nate. 

Calyplroperiblem. Co: the gymnospermous equivalent of the angiospermous root cap. 

Capf Proembryonic. Co: the cap-like cells of the proembryo of the Araucariaceae. 

Central Cylinder, The stele or vascular system of an axis such as the hypocotyl. 

Chalaza, A: the basal region of an ovule or seed, where the nucelius and integument(8) 
converge; opposite from the micropyle. 

Coleoptile, A: in the Poaceac, that portion of the embryo which encloses the stem apex. 

Coleorhiza, A; in the Poaceae, the sheath surrounding the embryonal root tip. 

Corpus, The internal portion (below the tunica or epidermis) of the stem apex. 

Cortex, That portion of an axis between the epidermis and the stele. 

Cotyledon* G: lateral or terminal protuberances, two to many in number, arising on the 
upper periphery of the embryo. A: a single terminal protuberance located precisely on the 
embryonic axis (monocotyledony), or two terminal protuberances located laterally with refer¬ 
ence to the embryonic axis (dicotyledony). 

Cotyledonary Node, The point of attachment of the cotyledons (in other than monocoty- 
ledonous plants) to the embryonal axis. 

Dermatogen, A: the tier of cells or the histogen from which the secondary epidermis of the 
root is derived; located above the cal 3 q)trogen. 

Dermatocalyptrogen, A: the calyptrogen and dermatogen combined into a single histogen, 
with the respective functions also united. 


( 205 ) 
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Dicotyledonous, With two cotyledons; these always lateral in origin. 

Diplospory, A: in apomictic plants, those cases in which the first division in the mcgasporo- 
cyte is strongly meiotic in character. 


Embryoy Adventitious, A: one arising from cells of the nucellus or inner integument. 

Emhryogenergy, The destination and functions of the embryo. 

Embryo genesis. The origin of the embryo. 

Embryogeny. The origin, development, structure and functions of the embryo. 

Embryo^ Hibernal, G: the overwintering late proembryo, or, in certain Taxaceae, the very 
young embryo. 

Embryology. That division of Plant Morphology concerned with all phases of embryogeny. 

Embryonal Tubes. G: tube-like cells produced near the base of multicellular embryos, 
originating or not in successive waves, and which grow backward to constitute a generally 
massive secondary suspensor. Called “supernumerary suspensors’* by the earlier investiga¬ 
tors. A: similar cells, produced directly by the suspensor initial or indirectly from the sus¬ 
pensor, in certain Orchidaceae. 

Embryonic^ Embryonal. Of or pertaining to the embryo. 

Rmbryonomy. Exposition of the laws of embryonic development. 

Embryo, Nucellar. A : same as adventitious embryo, q.v. 

Embryo, Rosette. G: one derived from a cell of the rosette tier. 

Embryo Sac. A: the ovular cavity, formerly occupied by the megagametophyte, in which 
an embryo develops (often erroneously applied to the megagametophyte). 

Embryoleclonics. The architecture of the embryo. 

Endosperm. A: a coenocytic or cellular, evanescent or permanent, tissue arising in the 
embryo sac; derived from the fertilized or unfertilized polar nucleus (haploid) or primary 
endosperm nucleus (which may be diploid, triploid or tetraploid) as a result of fusion with the 
secondary male nucleus. 

Epiphyseal. A: of or pertaining to the epiphysis and its derivative cells. 

Epiphysis, A: the cell (equivalent to epiphysis initial) or group of cells in the late pro* 
embryo or early embryo from which the stem tip originates. Not always present. Essentially 
the angiospermous equivalent of the gynmospermous apical cell. 

Epicotyl. That portion of the embryonic axis (usually not recognizable until after germina¬ 
tion) above the cotyledonary node. 

Filamentous. A: referring to proembryos which consist of more than four cells arranged in 
a linear row; or to suspensors with cells similarly arranged. 

Free-nucleate. When the nuclei lie free and mitosis is not followed by wall formation, 

Histogen. Layers or regions of meristematic cells from which the primary tissues are de¬ 
rived. In the young embryo the histogens are the epidermal initials, periblem and plerome; 
later the caljqstrogen, dermatogen, dermatocalyptrogen, pcricycle, corpus, tunica, etc., may 
be developed. 

Ilypocotyl. That portion of the embryonal axis between the root and the cotyledonary 
node. 

Hypophyseal. A; of or pertaining to the hypophysis and its derivative cells. 

Hypophysis. A: the cell (equivalent to hypophysis initial) or group of cells in the procm- 
bryo or young embryo from which part or all of the root tip and associated structures origi¬ 
nate. It usually is, or is a descendant of, cell m of the proembryonic tetrad. It is not always 
present. 

Initial{s), A cell or group of cells from which a structure is developed. 

Integument. A: one (single) or two (inner and outer) protective coverings of the ovule, 
usually only a few cells in thickness. 

Intercalary, A: in embryogeny, referring to an embryo, such as that of Hydnora afrkana, 
which develops in the approximate center of a filamentous proembryo. 

Intranuclear. Occurring within the nuclear membrane. 

Megagametophyte, G: the tissue in which the archegonia app^r, originally developed from 
a megaspore. A: the female gametophyte, with from four to sixteen (or rarely more) nuclei 
or cells, originally devel(^>ed accord!^ to various types from a megaspore* 

Megaspore. G: one of the four (or often only three) cells arising from the megaiqporocyte 
as a result of meiosis. A: one of lour cells arising similariy; one of the four develops into a 
megagametophyte. 
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Mtgasporocyie. The mother cell from which the megaspores arise subsequent to mciosis. 

Microgameie. G: a nucleated male cell in the microgamctophyte; there are usually two, 
often unequal in size; the sperm. 

Microgametophyte. The pollen tube or male gametophyte, an outgrowth from the micro¬ 
spore or pollen grain. 

Micropylar. Pertaining to the micropyle; more commonly employed to designate the 
apical end of an ovule. 

Micropyle. The orifice between the integument or integuments at the apical end of an 
ovule. 

Monocotyledonous. A: with a single cotyledon; this always terminal in origin. 

Nucellus. A: all that portion of an ovule exclusive of the in tegument (s), archesporium, 
megasporocyte, megaspores or megagametophyte. 

Nticleiy Relict. G: free proembryonic nuclei in the archegonial cytoplasm above the pro- 
suspensor cells. 

Pattern. A: in the Orchidaceae, a subdivision based on other than true embryonomic 
characters; a designation serving as a temporary expedient. 

Perihlem. The histogen from which the cortex is derived. 

Periclinal. Referring to walls which are parallel to the external surface or whose configura¬ 
tion parallels that of the curved periphery of the embryo. 

Pericycle. A: the outermost layer of cells of the stele, lying adjacent to the endodermis. 

Plcrome. The histogen from which the stele is derived. 

Plumule. A: sometimes applied to the growing point or stem apex of the embryo; not in 
common use in embryology. 

Polarity Units. Co: initials capable of developing into embryos. 

Polyembryony. A; the origin of more than one embryo from a single fertilized egg; com¬ 
monly misused to indicate a plurality of embryos regardless of their origin. 

Polyembryonyy Cleavage. Co; derivation of more than one embryo from each fertilized 
archegonium in an ovule. 

Polyembryony, Simple. Co: derivation of a single embryo from each fertilized archegonium 
in an ovule. 

Proembryo. G: the earliest phase of embryogenesis. It may be free-nucleate at first, later 
cellular, or cellular from the beginning. This stage ends when the suspensor or prosuspensor 
cells commence to elongate and the embryonal initials to divide. A: a more or less filamentous 
row of cells constituting the earliest phase of embryogenesis. It ends with the fourth cell 
generation when it consists of approximately sixteen cells. In all instances the proembryo 
originates from the zygote, 

Prosuspensor. G: a suspensor derived from a tier of cells in the proembryo which elongate 
as a group, not independently, and generally becomes coiled and twisted. 

Pseudomonocotykdonous. A: a condition arising when one cotyledon is aborted or fails to 
develop fully. 

Radicle (or Radicular Region). A: the entire root region of an embryo. 

Root Cap. A: the external covering of the root tip; derived from the calyptrogen or derma- 
tocalyptrogen on older and germinating embryos, but originating from the lower cells of the 
proembryo in various ways. 

Semiapospory. A: in apomictic plants, those cases in which the first division in the mega¬ 
sporocyte is pseudohomotypic. 

Sialace. A: in certain species, a column of cells in the root cap derived from an initial. 

Stele. The central, or vascular, cylinder of an axis. 

Stem A pex. The growing point of the stem. 

Supernumerary Suspensors. Same as embryonal tubes, q.v. 

Suspensor. A: the basal cell (cb) of the two- or later-celled proembryo or embryo, if it does 
not divide further; or the derivatives of the basal cell, plus, under certain circumstances, cells 
derived from the terminal cell (ca) of the two-celled proembryo. G: for the corresponding 
structures, see Prosuspensor, Primary Suspensor, Secondary Suspensor, Embryonal Tubes. 

Suspensorf Primary. G; a single suspensor cell elongated by itself from one of the individ¬ 
ual lower proembryonal units. 

Suspensorf Secondary. G: produced on developing embryos by embryonal tubes. 

Synergid. A: one of usually two cells situated above or adjacent to the egg at the micropy- 
lar end of a megagametophyte. 

Syngamy. Co, Cy, Gi: union of a microgamete nucleus and the archegonial nucleus. E: 
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union of a generative cell nucleus and the egg tube nucleus. A: union of the primary male 
nucleus and the egg nucleus. 

Tetrad^ Proemhryonic. A: the four primary cells of the proembryo at tlie second cell genera¬ 
tion; they may be disposed in a linear arrangement, or in a “T-shape” with two upper juxta¬ 
posed cells and two lower superposed cells. 

Tier, Open. G: the upper tier of incomplete cells in the proembryo which have no walls 
toward the apex of the arthegonium. 

Tier, Relict. Same as Open Tier, q.v. 

Tier, Roselle. G: that tier of cells in the proembryo from which rosette embryos may later 
arise, or which perishes without producing such embryos. 

Tissue. A group of cells of common origin possessing the same structure and functions. 

Tricotyledonous. A: when there are three in place of the usual two cotyledons; often due 
to splitting (schizocotyly) of one of the latter. 

Tunica. The epidermal layer or layers of the stem apex. 

Type. A: a fundamental embryonomic unit. 

Variation. A: a subdivision of a Type, differing from the latter in minor characteristics. 

Ventral Canal Nucleus. G: a sister of the archegonial nucleus, formed when the nucleus of 
the central cell divides; it usually perishes, but in Ginkgo it may be fertilized in place of the 
archegonial nucleus and in Finns both nuclei may fuse with microgamete nuclei. 

Zygote. The cell, originally the egg in A or a portion of an archegonium in G, but with 
certain exceptions in Gnetum, containing the fused male and female nuclei. In Co, Cy, Gi and 
E, the parental chromosomes, following nuclear fusion, usually become arranged on separate 
spindles at first; they are indistinguishable in all other groups. 
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Acanthaceak, a»g 
Aceraceae, 303 
Achariaceae, 174 
Actinidiaceae, 176-177 
Adoxaceae, 31a 
Agavaceae, 353 
Agavales, 353 
Aizoaceae, 156-157 
Akaniaceae, 303 
Alangiaceae, 304 
Alismataceae, 133, 233-337 
Alismatales, 233-337 
Alstroemeriaceae, 349 
Alstroemeriales, 349 
Amarantaceae, 162-163 
Aroarytlidaccae, 350-351 
Amar^llidales, 350-251 
Ammiaceac; Meuthaceae 
Ammiales: Lamialea 
Ampelidaceae, aoo 
Araygdalaceae, 185-186 
Anacardiaceac, 203 
Ancistrocladacear, 176 
Anonaceae, 127 
Anonales, 137 
Anthophyta, 93-294 
Apiaceae, 205 
Apocynaccae, 309 
Apocynalcs, 209 
Aponogetonaceae, 238 
Aponogetonales, 338 
Apostasiaceae, 252 
Aquifoliaceae, 198 
Araceae, 349-250 
Arales, 249-250 
Araliaceae, 204-305 
Araucariaceae, 34-37 
Aristolochiaceae, 138 
Aristolochiales, 13^139 
Asclepiadaceae. 309 
Asteraceae, no, 213-315 
Astcrales, 212-215 

Balanophoraceae, iia, 200 
Baianopsidaceae, 194 
BaLnopsidaies, 194 
Balsaminaceae, 166 
Barbeyaceae, 194 
Basellaceae, 159 
Batidaceae, 159 
Brassicaceae, 94, 143-146 
Begoniaceae, 176 
Berberidaccae, 137-138 
Berberidalcs, 137-138 
Betulaceae, 194 
Bignoniaceae, 228-229 
Bixaceae, 174 
Bixales, 174 
Boraginaceae, 320-233 
Boraginalei, 320-333 
Brassicaceae, 94 
Bromeliaceae, 342 
Bromeliales, 343 
Brunelliaceae, 183 
Bruniaceae, 192 
Burmanniaceae, 353 
Burmannialet, 353 
Burseraceae, 201 
Butomaceae, 332-233 
Butomales, 232-333 
Buxaceae, 192 
Byblidaceae, 174 

Cabombaceae, 128,135 
Cactaceae, 176 
Cactales, 170 
Caesaloiniaceae, 186 
CaUitnchaceae, 167 
CalUtroideae, 52-55 
Calycantbacm, x8a 
Calyceraceae, 2x3 
Campanulaceae, 218 
Campanulales, 218-2x9 
Cannabioaceae, 194 
Cannaceae, 24a 
Catiallaceae, 174 
Capparidaceae, 142 


Caprifoliaceae, 309 
Caricaceae, 176 
Caryocaraceac, 176 
Caryophyllaceae, lai, 153-156 
Caryophyllales, 153-1 5 7 
Casuarinaccae, 194 
Casuar inales, 194 
Celastraceae, 198 
Celastrales, 198 
Centrolepidaceae, 265 
Cephalotaceae, 147 
Cephalotaxaceae, 7 i“ 7 S 
Ceratophyllaceae, 135-136 
Cercidiphyllaccae, 137 
Chailletiaceae, x8a 
Chenopodiaceae, 120, 160-162 
Chenopodiales, 159-163 
Chlaenaceae, 176 
Chloranthaceae, 139 
Circaeastcraccae, 138 
Cistaceae, 174 
Clethraceac, 206 
Clusiaceae, 180 
Cneoraceae, 198 
Cochlospermaceae, 174 
Columelliaceae, 225 
Combretaceac, 177 
Commelinaceae, 340-341 
Commclinalcs. 240-241 
Compositae: Asteraceae 
Coniterophyta, 22-78 
Connaraceae, 202 
Convolvulaccae, 234-335 
Coriariaceae. 174 
Coriarialcs, 174 
Coraaceae, 304 
Corsiaccae, 253 
Corylaceae, 194 
Corynocarpaceac, 198 
Crassulaceae, 147-149 
Crossosomataceae, 174 
Cruciferae: Brassicaceae 
Cruciferales, 143-146 
Crypteroniaccac, 167 
Cucurbitaceae, 175-176 
Cucurbitales, 175-176 
Cunoniaceae, 182 
Cunoniales, 182 
Cupressaceae, 46-59 
CupresBoideac, 49-52 
Cycadaceae, 13-17 
Cycadophyta, 13-17 
Cyclantnaceae, 252 
Cyclantbales, 352 
Cynocrambaccac, 160 
CjT)eracete, 268 
Cypcrales, 268 
Cyrillaceac, 198 
Cytinaccae, 138 

Datiscaceae, 175 
Diapensiaceae, 307 
Dichapetalaceae: Chailletiaceae 
Diclidantheraceae, eo8 
Didieraceae, 203 
Dilleniaccae, 174 
Dilleniales, 174 
Dioscoreaccae, 252 
Dioscoreales, 252 
Dipsacaceae, 112, 212-213 
Dipterocarpaceae, 176 
Droseraceae, 151-152 

Ebenacsae,207-308 
Ebenales, 207-308 
Elaeagnaccae, 300 
Elatinaceae, 153 
Empetraceae, 198 
Epacridaceae, ao6 
Ephedraceae, 79-82 
Ephedrophyta, 79-87 
Ericaceae, ao6 
Eticales. 206-207 
Eriocauiaceae, 242 
Eriocaulales, 242 
Erythroxylaceae, 180 
Escalloniaceae, x8a 


Eucommiaceae, 192 
Eucryphiaceae, 178 
Euphorbiaceae, 99, x8z 
Euphorbiales, i8t 
Eupomatiaceac, 127 

Fabaceae: Papieionacbae 
Fagaceae, 194 
Fagales, 194 
Ficoidaceac: Aizoaceae 
Flacourtiaceae, 174 
Flagellariaceae, 240 
Fouquieriaceae, 174 
Frankcniaccae, 174 
Fumariaceae, 140-141 

Garryaceae, 193 
Garryales, 193 
Geissolomataceae, 173 
Gentianaceae, 316 
I Gentianales, 216 
Geraniaceae, 165 
Geraniales, 163-166 
Gesneriaceae, 227-228 
Ginkgoaceae, 18-21 
Ginkgophyta, 18-21 
Globiilariaceae, 239 
Gnetaceae, 83-87 
Gomortegaccae, 127 
Goodeniacea^ 218-219 
Graminales: Poales 
Gramineae: Poaceae 
Greyiaceae, 182 
Grossulariaceae, 182 
Grubbiacea^ 198 
Guttiferae: Clusiaceae 
Guttiferales: Hypcricales 

Haemodoraceae, 353 
Haemodoralcs, 252 
llalorrhaaaccac, 171-172 
Hamamelidaceac, 192 
Hamamclidales, 192 
Hcrnandiaceae, 127 
Heteropyxidaceae, 200 
Himantandraceae, 127 
Hippocrataceae, 198 
Humiriaceae, 180 
Hydnoraceae, 138-139 
Hydrocharitaceae, 233 
Hydrophyllaccac, 219 
Hydrostachyaceac, 15a 
Hypcricaccae, no, 178-180 
Hypcricales, 178-180 
Hypoxidaceae, 252 

ICACINACEAE, I98 

lllecebraceae, 159 
Iridaccae, 251-253 
Iridalcs, 251-352 

Tdolandackae, 203-204 
'fuglandalcs, 203-204 
/uuaniaceae, 203 
/uncaceae, n6, 265-268 
Juncaginaceae, 237 
, uncaginales, 237-238 
/uDcales. 265-268 
Juniperoideae, 57-59 

Labiatae: Menthaceax 
Ladstemaceae, 139 
I^ctoridacea^ 137 
Lamiaceae: Menthaceae 
Lamiales, 339-333 
Lardizabalaceae, 137 
Lauraceae, 127 
Laurales, 137-138 
Lecythidaceae, 177 
Leguminosales, 186-19* 
Leltneriaccae, 193 
Leitneriales, 193 
Lemnaceae, 250 
Lennoaceae, 207 
Lentibulariaceae, 227 
Dilaeaceae, 338 
Liliaceae, 343-348 
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LUkles, 243-348 
LimiuiDthaceae, 163 
Linaceae, 163-164 
Lissocarpaceae, 308 
Loasaceae, 143 
Loasales, 142 
Lobeliaceae, 218 
Loganiaceae, ao8 
Loganiales, 208-aoo 
Loranthaccae* 108-199, 290 
I>owiaceae, 342 
Lythraceae, 167 
Lythrales, 167-173 

Magnoliaceae, 127 
MagnoUales, 127 
Malaceae. 182, 186 
Malcsheroiaceae, 174 
Malpighiaceae, 180 
Malpighiales, i8o 
Malvaceae, iHo 
Malvales, 180 
Marantaceae, 343 
Marcgraviaceae, 176 
Mayacaceae, 240 
Medusagynaceae, 176 
Mclastomaccae, 177 
Meliaceae, 303 
Meliales, 203 
Melianthaceae, 302 
Menispermaceae, 137 
Menthaceae, 330-233 
Mimosaceae, 186-187 
MoUuginaceae, 156 
Monimiaceae, 138 
Monotropaceae, 207 
Moraceae, zos 
Moringaceae, 143 
Miisaceae, 242 
Myoporaceae, 329 
Myricaceae, 194 
Myricalea, 194 
Myristiaceac, 127 
M}nrothamnaceae, 192 
Myr&inaceae, 308 
Myrslnales, 208 
Myrtaceac, m 
Myrtales, i77“J78 
Myzodendraceae, 198 

Naiaoaceae, 340 
Naiadales, 339-340 
Nepenthiccac, 138 
Nyctagioaceae, 173 
Nympnaeaceae, 128,136-137 
Nysaaceae, 204 

OCBNACEAE, I76 
Octoknemataceae, 198 
Olacaceae, 198 
Olacales, 198 
Oleaceae, 208-209 
Oliniaceae, 167 

Onagraceae, 94* 99 » X09, 112, 1x3, 
167-170, 290 
OpilUceae, 198 
Orchidaceae, 253-265, 290 
Orchidalea, 253-265 
Orobanchacea^ 226 
Oxalidaceae, 165-166 

PAIXACIAE, 352 
Palmales, 352 
Pandaceae, 198 
Pandanaceae, 352 
Pandanales, 252 

Papaveraceae, 104,107,139-X40 
Papitionaceae, 187-192 
Passifloraceae, 174 
Passidoralet, 174 


Pedaliaceae, 229 
Penaeaceae, 173 
Peraonalcs, 225-229 
Petermanniaceae, 249 
Petrosaviaceae, 233 
Pherosphaeraceae, 70 
Philesiaceae, 249 
Philydraceae, 253 
Phrymaceae, 330 
Phytolaccaceae, 159-160 
Picrodendraceae, 202 
Pinaceae, 23-33 
Piperaceae, 113, 139 
Piperales, 130 
Pittosporaccae, 174 
Pittosporales, 174 
Plantaginaccac, 217 
Plantaginales, 217 
PlaUnaceae, 192 
Plumbaginaceae, 317 
Poaceae, 268-270 
Poales, 268-270 
Podocarpaceae, 63-69 
Podostemonaceae, 152 
Podostemonales, 152 
Polcinoniaceae, 219-220 
Polemoniales, 319-220 
Polygalaceae, 147 
Polygalales, 147 
Polygonaceae, 118,157, 159 
Polygonales, 157-159 
Portulacaceae, 157 
Potamogetonaceae, 238 
Potamogetonaies, 238-330 
Primulaceae, 316 
Primulales, 316-217 
Proteaccac, 173 
Proteales, 173 
Punicaceae, 167 

Quunaceae, 178 

Raffixsxaceae, 138 
Ranales, 128-137 
Ranunculaceae, 94, 214. 128-135 
Rapataceae, 241 
Resedaceae, 147 
Restionaceae, 265 
Rbamnaceae, 200 
Rhamnales, 300 
Rhizophoraccae, 177-178 
Rhoeadales, i39*'i4X 
Rosaceae, 107, 182-185 
Rosales, 182-186 
Roxburghiaceae, 252 
Rubiaceae, 107, 309-212 
Rubiales, 209-212 
Ruppiaceae, 238-239 
Ruscaceae, 243 
Rutaceae, 201-202 
Rutales, 201-202 

Sabxacsae, 202 
Salicaceae, 193 
Saiicales, 193 
Salvadoraceae, 198 
Samydaceae, 174 
Santalaceae, 

Santalales, 19^300 
Sapindaceae, 202 
Sapindales, 202-303 
Sapotaceae, 207 
Sargentodoxaceae, 137 
Sarraceniaceae, 152 
Sarraceniales, 151-152 
Saurauiaceae, 176 
Saiiruraceae, 130 
Saxwothaeaceae, 60-62 
Saxitragaceae, 149-tsi 
Saxifragalas, 147-151 


Scheuchzeriaceae, 237 
Schizandraccae, 127 
SciadopiUceae, 38-40 
Scrophulariaceac, log, 225-226 
Scvphostegiaceae, 194 
Selaginaceae, 229 
Sequoidac, 41-4S 
Simarubaceae, 202 
Smilacaceae, 343 
Solanaceae, 333-224 
Solanales. 223-225 
Sonneratiaceae, 167 
Sparganiaceae, 350 
Stackhousiaceae, 198 
Staphyleaceae, 202 
Stenomeridaceae, 35a 
Stcrculiaccae, 180 
Strelitziaceae, 242 
Stylidiaceae, 319 
Styracaceac, 308 
Styracales, 308 
Symplocaceae, 308 


Taccaceae, 252 
Tamaricaccae, 174 
Tamaricales, 174 
Taxaceae, 74-78 
Taxodiaceae, 41-48 
Taxodioideae, 45-48 
Tecophllaeaceae, 2^ 
Ternstroemiaceae: Theaceac 
Theaceae, 176 
Theales, 17^^177 
Thismiaceae, 253 
Thujoidcae, 55-56 
Thurniaceae, 265 
lliymelaeaceae, 172-173 
ThymclaeaJes, 172-173 
Tiliaccac, 180 
Tiliales, 180 
Trapaceae, 170-171 
Tremandraccae, 174 
Trichopodaceac, 252 
Trigoniaceae, 147 
Triuridaceae, 237 
Triuridales. 337 
Trochodenaraceae, 137 
Tropaeolaceae, 165 
Turaeraceae, 142 
Typhaceac, 250 
Typhalcs, 250 


UOIACEAE, 194 
Umbelliferae, 107, 305 
Umbelliferales, 204-205 
Urticaceae, 195-198 
UrticalcSj 194 

VAcaMiACEAZ, 206 
Valerianaceae, 2x3 
Velloziaceae, 252 
Verbenaceae, 229-230 
Violaceae, 146-147 
Violales, 1^6-147 
Vitaceae: AnipeUdaceae 
Vochysiaceae, 147 


Welwitschiacxae, 88-92 
Winteraceae, 127 


Xanthobeboeaceas, 353 
Xyridaceae, 241 
Xyridales, 241 


Zamnicbeluaceae, 339-140 
Zingiberaceae, 242-243 
Zingiberalea, 241-143 
Zosteracaae, 238 
Zygophyllame, 164 
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Abies, 2a^ 36, 29-33 

— amabilis, 30 

— balsamea, 34, 30-31 

— srrandis, 30 

— pinaapo, 30 

— venusta, 30-31 
Acacia bmleyana, z86 

— farnesiana, 187 

— retinoides, 187 
Acalypha australis, x8t 
Acer, 203 

Achryanthus aspcr. 163 
Acicarpha tribuloiacs, 213 
Acmopylc, 63 
Aconitum, 135 

— napcllus, 13s 
Acorus calamus, 349 
Actaea, 94, 134 

— alba, 134 

Actinidia chinensis, 176 
Actinostrobus, 52, 55 

— acumiuatus, 54 

— pyramidalis, 5 *‘*S 3 , 55 
Adenocaulon bicolor, 215 
Adenophora lilildora, 218 
Adonis, 94, 132-133 
Adoxa muschalcllina, 2x2 
Acgiceras corniculatum, ao8 

— majus, 208 
Ae{dnctia indica, 226 
Aeonium undulatuzn, 149 
Agathis, 34-“37 

— australis, 34 
Ageratum mexicanum, 215 
Aglaonema commutatum, 249 

— nitidum, 249 

— versicolor, 340 
A^rostemma githago, 155 
Aiuga rcptans, 232 
Alchcmilla alpina, 275 

— arvcnsis, 275 

— vulgaris, 275 
Aleurites fordi, 181 
Alisma plantago, 233 
Allit m, 278 

— flavum, 250 

— moly, 350 

— mutabile, 250 

— odorum, 380, 284 

— paniculatum, 250 

— paradoxum, 250 

— roseum, 280, 284-285, 388 

— rotundum, 250 

— ursinum, 250 

— ecbdanense, 250 
Ain us rugosa, 379, 285 
Alteranthera seasilia, 163 
Alyssum, Z15 

— macrocarpum, 146 
Amarantus caudatus, 163 

— retroflexus, 162-Z63 
Ainentotaxus, 7Z 
Amethystea coerulea, 33a 
Ainznania, 167 

— baccifera, 167 

— latofiUa. 167 

— pentanara, 167 

— peploides, Z67 

— multifiora, Z67 

-—aenegalensis, 167 
Aizuni majus, 284 
Araphicarpaea, 187 
Anacardium ocddentale, 203 
Androaaemum officinale, 105,178 
Anemone, 133 

— dlchotoma, 133 

— japonica, Z 33 

— puUatilla, 133 
Anethum gravedens, 305 
Angelonia nmndiflora, 333 
Aziogra pallida, 169 
Antennaria, 374 
Anthericum ramosi:^ 346-347 
Anthurium cordifolium, 349 

— cryatalUnuxn, 340 

— violaceum, 349 
AnUiylUs tetraphylla, 189 


Apium inundatum, 205 
Apodanthcra undulata, 176 
Aponogeton crispum, 338 

— monostachyon, 238 
Aralia cachemiria, 304 

— cordata, 204 

— racemosa, 204 
Araucaria, 34-37 

— angustifolia. 34“37 

— braxiliana: A. angustifolia 
Arceuthos, 57 

Arctotb calendulacea, 2x5 
Ardisia crispa, 283 
Arcnaria serpyllifoUa, 156 
Arpyrcia sp^iosa, 225 
Arisacma triphyllum, 249 
Armeria plantaginea, 2x7 

— vulgaris, 217 
Arnica alpina, 274 

— chamissonis, 274 
Artemisia nitida, 274 

— tridentata, 215 
Artocarpus integrifoUa, 195 
Arum maculatum, 249 
Asclepias cornuti, 209 

— incamata, 209 
Asparagus omcinalis, 244, 292 
Aspcrula, an 

— setosa, 211 

Asphodelus tenuifolius, 247 
Aspicarpa, 180 
Aster multidonis, 215 

— novae-angliae, 215 

— novi-bclgii, 215 

— undulatum. 215^ 
Asteracantha longlfoUa, 229 
Atamosco, 374 
AthrotaxiSf 41, 45 

— selaginoidcs, 45 
Atraphaxis frutescens, 274-275 
Atropha. 109 

— bcllaaonna, 233 
Austrotaxus, 74 

— spicatus, 74, 76-77 


Balanophora dioica, 103, III, 200 

— iaponica, 274 
Ballota foctida, 232 
Barringtonia vriesci, 177 
Basella alba, 159 
Begonia semperflorens, 176 
Beilis perennis, 215 
Benincasa hispida, 176 
Berberls nepaieiisis, 137 
Bergenia hessiana. 150 
Bergia ammanioidcs, 153 

— capensis, XS3 
Beta vu^aris, 162 
Bidens tnpartitus, 315 
Bignonia megapatoinica, 229 
Biophytum aendroides, 166 

— sensitivum, 166 
BioU, 49. 55 

— orientahs, 51 

Blyxa eebinosperzna, 233 
Boerhaavia diffusa, 173 

— repMinda, 173 
Bonnaya tenuiiolU, 225 
Borago officinalis, 222 
Bowenia, 13,15-17 

— serrulata, i3“<4, x6 
Boykinia tellimoides, i5x 
Brachychilus horsfieldii, 243 
Brachyaiphon imbricatus, 173 
Brasenia purpurea, 135 
Brassica oleracea, 140 
Brugmansia aippelii, 138 
Brunella vulgaris, 333 
Bryonia dioica. 175 
Bryonopsis laciniosa, 176 
Buddleia variabilis, 208 
Buphtbalmum salicifoUum, 315 
Burmannia, 390 

— Candida, 253 

— capluta, 253 

— coelestis, 253 

— Javanica, 353 


— maburnia, 253 
Burragea, 169 

— frutescens, 169 

— frutlculosa, t6o 
Butomopsis lanceolata, 233 
Butomus umbellatus, 233 
Buxus sempervirens, 192 

Caboicba piauhiensis, 135 
Caclobogjrnc ilicifolia, 285 
Caesalpinia mimosoides, 186 
Calamagrostis obtusata, 279 

— purpurea, 279 
Calamintha grandidora, 232 
Calathca picturata, 243 
Calendula arvcnsis, 2x5 
Callipeltis cucullaria, 21 x 
Callitris. 52 

— rhomboidea, 52-54 

— verrucosa, 52 
Callitropsis, 52 
Calochortus, 247 
Calvcanthus, 284 

— florida, 28|; 

— occidentahs, 285 
Campanula patula, iio, 2x8 
Capparis frondosa, 142, 285 

— galeata, 142 
CapscUa, 105, 115, x43-146 

— bursa-pastoris, 94, 99, lor, 109, 
XI 4 , r 43 “M 6 

Carex panicea, 268 
Carica papaya, 176 
Carissa carandas, 209 
Carum carvi, 205 
Carya glabra, 203 
Castalia aropla, 137 

— odorata, 136 

— pubescens, 137 
Casuarina equisetifolia, 194 
Catalpa kaempferi, 228 
Caulophyllum thahetroides, 137 
Ceanothus azureus, 200 
Cedrus, 23-24, 26, 29-30, 3a 

— atlantica, 32 

— deodara, 32 

— libani, 30, 32 
Celastrus scandens, 198, 283 
Centaurea scabiosa, 215 
Centradenia floribunda, 177 
Centranthus angustifolius, 212 

— macroaiphon, 212 

— ruber, 212 
Cephalotaxus, 71-73 

— drupacea, 71-73 

— fortunei, 71-73 
Ceratophyllum submersum, 135 
Ceratozamia, 13, 15-17 
Cercis siliquastrum, 186-187 
Ceriops candoUeana, 178 
Chamaecyparis, 49 

— obtusa, 50-51 

— pisifera, 49 
Chelidonium, X03 

— majus, 140 
Chenopodium, 108 

— album, 162 

— bonus-ncnricua, 107-108, x2o, 
X60-16a 

Chimonanthus, 284-285 

— praecox, 285 
Chondrilla, 27± 

Christisonia subacauUs, aa6 
Chrysosplcnium altcrnifolium, 150 
Cicer anetinum, 187 
Cichorium intybus, 215 
Cimicifuga, 133-1 34 

— racemosa, 133 
Cinnamomum camphora, 128 
Circaea lutetiana, 169 

— pacifica, x 6 q 
Circacastcr agrestis, 138 
Cistus raonspelliensis, x 74 
Citrullus vulgaris, 176 
Citrus, 202, 285, 288 

— aurantium, 202, 284* 288 

— nobilis, 20a 
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— trifoUata, ao2, 284, 288 
Oarkia, ago 

— elcgans, i6p, 284, 285 
Claytonia penoliaU, 156 

— virRiniana, 157 
Clematis, 1^3 

— campaniiiora, 133 

— flammula. 133 

— integrifoha, 133 

— recta, 133 

— vital ba, 133 

— viticella, 133 
Cleome monopnylla, 142 

— aerrata, 142 
Cochlearia omcinalis, 146 
Coffea arabica, azi 
Colchicum autumnale, 285, 288 
Convolvulus arvensis, 224 

— senium, 225 
CorallorhiaEa macuJata, 259 
Coreopsis bicolor, 37s 
Cornus Horida. 204 
Corydalis cheilantnifolia, 141 

— lutea, 141 

— ochroleuca, 141 

Corytoloma cyclopbyHum, 225 
Costus speciosus, 342 
Cotylanthera tenuis, 274 
Cotyledon umbilicus, 149 
Crepis^ 27^ 

— capillaris, 116 
Crinum capensc, 251 

— latifolium, 251 
Crocus vernus, 251 
Crotalaria, 189 

— sa^ittalis, 291 
Crucianella, 211 

— aegyptica, 21 x 
Cryptomeria, 41, 47 

— japonica, 45, 47’"48 
Cucumis myriocarpus, 176 
Cucurbita pepo, 176 
Cunninghamia, 41 

— lanceolata, 48 

— sinensis, 45 
Cuphea, 167 
Cupressus, 40 
Cuscuta epithymum, 224 

— europaea, 225 

— gronovii, 224 

— monogyna, 224 
Cyanotis cristata, 240-241 
Cycas, 13, i6~x7 

— revoluta, 15 
Cyclamen, 216 
Cymbidium, 264 

— bicolor, 263-264, 2gx 
Cynanchum acutum, 209 

— nigrum, 209 

— vincetoxicum, 294 
Cynpmorium coedneum, 300 
Cypripedium barbatura, 257 

— parviflorum, 256 

— spectabile, 255 

— venustum, 357 
Cyrtanthus parviflorus, 350 

— sanguineus, 350 
Cytisus^ 189 

— alschingeri, 189 

— laburnum, 189 


Dackydium, 63, 65-66 

— cupressinum^ 65, 67 
Dahlia variabihs, 3x5 
Damaaonium alisma, 233 

— stellatum, 233 
DanxiMera stricta, 2x8 
Daphne kiuslana, 172 

— lauteola, 173 

— mezereum, 173 

— pseudomeaereum, 172 
Datura laevis, 333 

— stramonium, 223 

— tatula» 223 
Daucus carota, 205, 224 
Dendrophthoe falcata, 199 

— pentandra, 199 
Dendrophthora opuntioidca, 274 
DentcUa rep^» atx 

Deutzia lotigifiofa, 150 
Dianthus, 122 
Diapensia lapponka, 207 
Dicraea cloiuata^ 152 
Dictamnua aibus, 302 
Dieffezxbachia daraquiniaixa, 249 
Dtgera arvensis, t6s 
DImorpbotheca plttvialis, 2x5 


Diodia, 211 
Dion, 13 

Dionaca muscipula, 153 
Dioon, 13 

— edule, X5-16 
Dioscorea villosa^ 252 
Diospyros virgimana, 307 
DUeltna, 49 

Dopatrium tobelioldes^ 235 
Dracocephalum mairei, 332 

— ruyseniana, 232 

— thymifolixim, 232 

Drosera rotundilolia, no, isx-xs2 
Drymaria cordata^ 156 
Dubasya sonneratioides, 167 


EemUM VUXGARE, 222 
Eclipta erecta, 215 
Elatine, 153 
Elatostemraa, 274 

— acuminata, igH 

— pedunculosum, iq8 

— sessile, 198 
Eleusine coracana, 370 
Elisma natans, 233 
Elodea canadensis, 233 
Empleurum serrulatum, 202 
Enalus acoroides, 233 
Encephalartos, 13, 15, 17 
Enicostemma littorale, 216 
Entelea palmata, 180 
Ephedra, 79-82 

— altissima, 70 

— campyloi^aa, 70 

— distachya, 80, 82 

— foliata, 79-80 

— trifurca, 79-80 
Epidendrum, 250 

— ciliare, 259 

— cochleatum, 354 

— variegatum, 256 

— verrucosum, 357 
Epilobium. XX2 

— angustifolium, 169, 284, 285 

— dooonaei, 284-285 

— franciscanum, 169 

— hirsutum, 284-285 

— montanum, 284-285 

— paniculatum. 169 
Epipactis latifoiia, 256 

— palustris, 253. 355 , 

Epirrhi74inthes: Salomon! a 
Era^ostis chiliensis, 269 

— cilianensis, 380 
Eranthls, 134 

— hyemalis, 134 
Erecnites hieracifolia, 2x5 
Erigeron, 274 

— raucronatus, 274 
Eriocaulon septangulare, 243 
Erodium, 99, 104 

— dcutarium, 99, loi, 165 
Ervum ervilia, xqx 

— hirsutum, igx 
Eryndum yuedfolium, 205 
Erythrina cruntagaUi, 191 
Erythronium, 390 

— americanum, 244, 291 

— dens-canis, 244, 293 

— hartwegi, 292 
Eugenia hooker!, 284-285 

— jambos, 285 

— malaccensis, 283 

Eulobus sceptrostigma, 1x3, x68 
Eulophea epidendracea, 263-264 
Eupatorium glandulosum, 374 
Euphorbia, lox 

— dulds, 284-385, 287 

— esula, i8x 

— exigua, 105, top, i8x 

— mauritanica, x8x 

— preslii, i8x 
—■ procera, 181 
Evolvulus aliinoides, 235 
Evonymus euit^iaeus, x^, aSj 
—UtifoUus, 2S3 


FaOOPYIVM ISCXTtlMTUM, X58 
Farmeria ipetzferioides, 153 
Fatsia japonica. §04 
Fevillea cordilolla, 175 


Ficaria, 13s 
— ranunctuoides, 
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— verna, 134 
Ficus carka, X95 
Fitxroya, 40, 51 

— patagonxea, st 


Fleurya aestuans, 197 
Foeniculum vulgare, 205 
Fokienia, 49 

Fouquieria peninsularis, 174 
Fritillaria persica, 244 
Fragaria, 185 
Fraxinut, ao8 
Fuchsia, 169, 274, 290 

— hybrida, 275 

— magellanica, 275 

— riccartoni, 27s 
Fumaria officinalis, 141 
Funkia, 284 

— ovata, 284 
Funtrumia elastica, 200 

Gage A urrEA, 247 
Galcga, xoi 

Galeopsis pyrenaica, 232 

— telrahit, 232 
Galinsoga ciliata, 225 
Galium, 211 
Galpinsia hartwegi, 169 
Garcinia kydia, x8o 
Garry a clliptica, 193 
Gasteria, 244 

Gayophyturn ramosissimum, 169 
Gcissoloma marginata, 17a 
Genista, i8q 
G eranium molle, 165 
Gerbera odollam, 209 
Gcum, 104 

— urhanum, 99, 182-185 
Giesekia pharnaccoidcs, 156 
Gilia tricolor, 220 
Ginalloa linearis, 199 
Ginkgo, i8-ai 

— biloba, 18-21 
Glcchoma, 109 

— hcdcracea, 2^0 
Globularia cordifolia, 229 

— vulgaris, 229 
GlyptostroDUR, 41 
Gnetum, 83-87 

— funiculare, 8$ 

— gnemon, 83-87 

— rooluccense, 83, 86 
Godetia, 274 

— amoena, 11 a, 169, 275 
Goodyera discolor, 257 
Grcvillca banksii, 173 
-^robusta, 173 

Guettarda spcciosa, axx 
Gyranadenia, 257, ago 
Gynandropsis pentaphylla, 142 

Hadenaeta, 259 

— ciliaris, 257 

— integra, 357 

— platyphylla, 257 
Habranlhus chilensis, 251 
ilalophila, 233 

Haloxylon ammodendron, 162 
Hamameiis virginiana, xga 
Hartmannia tetraptera, 169 
Hedera australiana, 305 

— helix, 204 
Hedyosmum nutans, 139 
Hedysarum coronarium, 187 

— nutans, 191 

Helianthemum guttatum, 174 
Helianthus annuus, 215 
Heliotropium peruvianum, 222 
Heloniopsis breviscapa, 347 
Uemizonia aiigustifoiia, 2x5 

— pallida, 215 
Herminium monorchis, 359 
Herniaria glabra, 159 
Heteroptens, 180 
Hicoria pecan, 204 
Hieradum, 273, 2741 *90 

— aurantiacum, 275 

— aurantium, 282 
—canadense, 282 

— excellena, 275 

— d^ellare, 275, 282 

— pilosella, 27s, ada 

— ramosum, 275, 279, 28a 

— umbellatum, 274 

— vulgatunX, 279 
Himantogloasutn hirdnum, 257 
Hippeaatrum auUcum, 351 
Hippuruiu X09 

— vulgaris, 17a 
HiPtage, x8o 

Hoioptelea intetriloUa, 194 
Hordeum distiebum, 269 
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— sativum, 269 

— vulgarr, 269 
Hosta ovata, 284 
Houstonia, 211 
Hydnora africana, 138 
Hyoscyamus, 107, 109 

— albus, 223 

— niger, 223 

Hypecoum procumbens, 140 
Hypericum perforatum, 178, 275 

TcHNOCARPUS KRltTESCENS, 209 

Ilysanthes hyssopioidcs, 225 

— parviflora, 225 
Impatiens baifourii, 166 
■ —roylei, 166 

— sultani, 166 
lonopsidium savianum, 146 
Ipomoeu hcderacea, 225 

— Icarii, 225 

Isomcris arborea, 281-282 
fsotoma longifloru, 294 
Ixeris alpicola, 274 
—-denlata, 274 

JaSIONF. MONTANA, 2x8 
Jeffcrsonia diphylla, 137 
Juglans mandscKurica, 203 

— regia, 204 
Juniperus, 57 

— communis, 57-58 
Tuncus effusus, 265 
Jussieua octonervia, 169 

Keteleeria, 24, 29, 32 
Kocnigia islandica, 158 
Korthalsella opuntia, 199 

Lactuca MOfiAUS, 215 

— saliva, 215 
LagenarJu lagenaria, 176 

— leucantha, 176 
Lalleroantia ilurica, 232 

— - peltata, 232 
Lumiuin, 107 

— purpureum, 118, 231-232 
Lantana camara, 230 

— iiulica, 230 
Laportea moroides, 197 
Larix, 24, 26, 29, 31-32 

— decidua, 32 

— kaempfcri, 31 
.laricina, 32 

— leptolepis, 32 
Lathyrus, 187, rgi 

— aph.ica, iQi 

— helcrophyilus, igi 

— odoratus, 191 
Lavatera thuringiana, 180 
Lawia zealanica, 152 
Layia platyglossa, 215 
I^eiphaimos, 216 
Leitncria floridana, 193 
Lemna minor, 250 

— perpusilla, 250 
Lennoa madreporoidcs, 207 
Leontopodon, 274 

— hispidus, 275 
Leonurus cardiaca, 232 
Lepidium, 143 

— campcstrc, 146 

— draba, 146 

— sativum, 143, 146 
Leptodcrmis lanceolata, 2x1 
Leptosiphon androsace, 220 
Leucojum vernum, 251 
Liboccdrus, 49 
Liguatrum, 208 

— ovalifolium, 208 
Liiaea subulata, 238 
Lilium, 115, 243, 279 

— elegans, 279 

— hcnryi, 279 

— hansoni, 279 

— longiflorum, 279 

— martagon, 278, 279 

— parryi, 243-244 

— regale, 279 

— auperbum, 279 

Limnanthemum nymphaaoMleft, «x6 
Limnocharis emarginata, 2320233 
Limnophyton obtuaifoUnm, 233 
Ltmnorchis emarginata, 293 
UmoseltE aquatica, 235 
Linum cathcarticuin, x63**i64 

— usitatissimum, 27^ $g» 

Listera ovata, 25$ 


Litorclla uniflora, 217 
Loasa lateritia, 142 
Lobelia amoena, 218 

— cliffordiana, 218 

— exceUa, 218 

— nicotianaefolia, 218 

— syphilitica, 218, 294 

— trigona, 218 
Lochnera rosea, 209 
I-.< 3 niccra biflora, 209 
lA^phanthus chiriensis, 232 
Loranlhus, 100 

— bicolor, 199 

— globosus, 199 

— pentandrus, 199 

— scurrula, rgo 

— sphacrocarpus, 199 
Lotus corniculatus, t 88 
Ludwigia palustris, 160 
Lufla acutangula, 176 
Lupinus, 187, 191 

— cruikshankii, 191 

— hartwegi, roi 

— mutabilis, 191 

— polyphyllus, 191 

— succulentus, 192 

— truncalus, igi 

— varius, igi 

Luzula forsteri, 265-268 
Lycopsis arvensis, 222 
Lycopus curopaeus, 232 
Lyaichiton amcricanum, 240 

— camtscliatcnsis, 249 
Ly thrum, 100 

— salicaria, 100, 114 


MAaiAEROCARPt'S CALIEORNirUS, 

233 

Macroaelen cochinchinensis, 199 
Macrozamia, 13, 16-17 

— moorei, 15 

— rcidlii, 15-17 
Madia madioides, 215 
Maesa indica, 208 
Magnolia grandiflora, 127 

— virginiana, 127 
Mahonia a<]uifolium, 138 
Mallotus jafxmica, 285, 288 
Malva rotundifolia, 97, 107, 180 
Mangifera indica, 284-286 
Marrubium pannonicum, 232 
Martynia louisiana, 229 
Medicago, 187 

— falcata, 191 

— lupulina, no, 190-191 

— saliva, igt 
Melilotus alba, 191 

— arvensis^ 191 

— oflficinahs, 191 
Melissa ofiicinalis, 233 
Melittis melissophyllum, 132 
Mclothria pendula, 176 
Mentha, ioq 

— viridis, 99, 109. 230-231 
Menyantnes trifoliata, 216 
Mesembryanthemum crystallinum, 

157 

Micrampelis lobata, 176 
Microcachrys, 60-62 

— tetragona, 60-62 
Microcycaa, 13 

Mimosa denhartii, 187, 278, agi 

— pudica, 187 
Mirabiiis jalana, 173 
Mitella diphylla, 151 

— nuda, ISO 

— pentandra, 151 
Mitrastemon yamamotoi. 138 
Moehringia trinervia, 156 
Mollugo nudicauUs, 156 
Momordica charantia, 176 
Monochaetum ensiferum, 17 7 
Monotropa hypopitys, 207 
Montia rivularis, 156 
Moringa olcifera, 143 

Muscari comosum, 97, X07, 244-246 

— racemosum, 246 
MutifiiacamioUeana, 2x5 
Myoporum serratum, 229 
Myosotis, 108 

— hispida, 99,107-108, 320-223 
Myosurus, 105,138-X52 

— minimus, 94,100, io9| 128-132 
Myriophylium alteraifouuni, 123, 

I 7 I-X 7 * 

Myrtus communis, 177 


NaIAS FLEXTtlS, 24O 

— major, 240 
Nelumlx) lotus, 137 
--lutea, 137 

— odqraia, 137 
Neottia nidus-avis, 256 
Nepeta cataria, 232 

— macrantha, 232 
Nephthytis gravemeuthii, 240 

— liberica, 249 
Nesaea, 167 

— myrtiflora, 167 
—; syphilitica, 167 
NIcoti.ina, 101, 107, ioq, 223 

— rustica, 284, 290, 292 
Nigritella, 257 

— nigra, 284, 288 
Nothoscordum fragrans, 284, 388 
Nymphaea, 137 

— advena, 139, 200, 291 
Nymphoides peltatum, ai6 

OaiNA SERRULATA, 274-275, 284 
Ocimum basilicum, 232 
Odontoglossum crispum, 278 
Oenothera biennis, 112, 169-170, 
284-285 

— lamarckiana, 170, 283, 285 

— muricata, 170, 284-285 
Oldenlandia alata, 211 

— capensis, 211 
Onobrychis, 189 

— petrea, 189 
Ononis, 187, i8p~ioo 
Opuntia vulgaris, 284, 286 
Orchis, 2QO 

— latifolia, 256 

— maculatus. 256 
Origanum vulgare, 232 
Orobanche eryngii, 226 

— hederae, 226 
Orobus, 187 

— angustifolius, 19* 

— aureus, igi 

— tuberosus, 191 

— vernusj igi 
Oryza sativa, 270 
Osyris arborea, x«>9 
Ottclia alismoides, 233 
Oxalis corniculata, 165-166 
Oxybaphus viscosus, 173 
Oxyria digyna, 158 

Panax ERUTirosA, 205 
Pandanus coronatus, 252 
Papaver, 107 

— rhoeas, gg, log, 139, 140 
Parriassia palustris, 150-151 
Parthenium argentatum, 215, 274- 

275 

— incanum, 215 
Paspalum dilatatum, 269 
Paulownia tomentosa, 225 
Pedalium murex, 229 
Pellionia, 274 
Peltandra virginica, 249 
Peltiphyllum peltatum, 151 
Penaea mucronata, 173 
Penstemon sccundiflorus, 225 
Penthorum scdoidcs, 149 
Peperomia pellucida, 111-112, 139 

— reflexa, 139 
Peplis, 167 

— patula, 167 
Perilla arguta, 232 
Persea americana, i a8 
Petunia, 107. 109, 284 

— nyctagininora, 223 

— violacea. 284-285 
Peumus boldus, 128 
Phacelia tanacctifolia, 2x9 
Phajus, 257 

— grandiflora, 259 
Phalaenopsis grandiflora, 254, 260- 

a6i 

— schilleriana, 263 
Phaseolus, 187, 189 

— multi floras, 189 
Phellodendron sachalincnsc, 202 
Pherosphaera, 70 

— fitzgeraldi, 70 

— hookeriana, 70 
Phillis nobla, aii 
Philodendron gloriosum, 249 

— wendlandii, 249 
Phlomis alpina, 232 
Phryma leptoaudiya, 230 
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Phyllocladus, 63, 65-66 

— al{>inus, 6^-64 
Physalis mintma, 223-224 
Physostegia virgmiana, 232 
Phytolacca decandra, isg 
Picea, 24, 26, 20~3i 

— abies, 30 

— cxcelsa, 31 

— mariana, 30 

— orientalis, 30 

— sraithiana, 20 
Picris hicracioicles, 275 
Pilgerodcndron, 49 
Pimpinelia saxifraga, 205 
Pinus, 22"24, 26, 28-30 

— banksiana, 27, a8 

— contorta, 28 

— edulis, 27 

— lambertiana, 22-23, 25, 28 

— laricio, 25, 30 

— raonophylla, 22-23, *7 

— montana, 27 

— mugo: P. montana 

— nigra, 28 

— pondcrosa, 28 

— radiata, 22, 25, 28 

— sabiniana, 28 

— thuntergii, 26 

— torrcyana, 27 
Piper, 112 

Pistia stratiotes, 249 
Pisum, 187 

— aativum, igi 
Plantago, 109 

— lanccolata, 217, 2 70 

— major, 217 

m Platanthera, 257^ 200 
Platanus acerifolia, 192 
Platyclinis, 260 
Piumbagella micrantha, 217 
Plumba^^o zeylanica, 217 
Poa alpina, 274 

— annua, 26^269 

— compreasa, 270 

— pratenais, 269-270, 275, 288 

— aerotina, 274 
Podocarpus, 63, 65 

— amarus, 68 

— andinus, 63, 65, 68 

— coriaceus, 65 

— dacrydioides, 66 

— glomeratua, 65, 68 

— ^racilior, 68 

— imbricatua. 66 

— macrophyllus, 64, 68 

— matudai, 65 

— nagek 63, 65 

— nivalia, 64 

— purdeanus, 65 

— totarra, 63-64, 68 

— urbanii, 64, 67 
Podophyllum emodi, 237 

— peltatum, 137-138 
Podoatemon aubulatua, 152 
Poivrea coccinea, 177 
Polanisia trachyaperma, 24* 
Polemonium caeruieum, aig-220 

— pauciflorum, 220 
Polycarpoc tetraphyllum, 156,150 
Polygala vulgari^ 247 
Polygonum aviculare, X 57 -*S 8 

— peraicaria, 200,107,158 
Pol^mpholyx, 227 
Portulaca oleracea, 223, 257 


— tuberosa, 157 
Potamogeton foliosus, 238 

— lucena, 238 

— natant, 238 
Potentilia, *75 

— arfl^ro^yua, *85 

— coiuna, *75 

— geoides, *84 

— 2kepcdenaiaL *84-385 

— reptana, x 85* 283 

— splendans. 384 -a 85 
Pothoa longitotia, *49 
Pratium majtia, *3* 

Pnmua, 185 

— avium, 185 

— ceratua, ii$ 

— peraica, 185 

PMudolanx, *6, $9 

— axnabilia,3(^ 3* 

—haempfen: P. amabiUs 
Faaudotauga, *4* * 6 , *9,31*^* 

" ” 31 
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Putoria calabrica, 21X 
Pyrola rotundifolia, 123, 206 
Pyrua malua, i86 

QuERCUS VELUTINA, X94 

Rapiola unoides, 164 
Rafflesia patma, 138 
Ramondia nathaliae, 227 

— pyrenaica, 237 

— scrbica, 227 
Ranunculus, 94, 134 

— ficaria, 134 
Razoumofskya, 200 
Reseda luteola, xoq, 247 
Rhamnus frangula, 200 
Rheum emodi, 258 
Rhipsalis caasytha, 176 
Rhiaophora mangle, 177-278 

— mucronata, 178 
Rhus; Toxicodendron 
Rhytidophyllum crenulatum, 227 

— tomentosum, 227 
Ribes, 182 

— aureum, 150 

— divaricatum, 150 
Ricbardta africaoa, 249 
Rivinia brasiliensis, 159 

— humilis, 259 
Rosularia semjpervivura, 249 
Rubia tinctoria, 212 
Rumex acctosa, 158 

— conglomeratus, 258 

— hydrolapatbum, 158 

— maritimus, 258 

— sanguineus. 158 
Ruppia maritima, 238-239 

— rostellata. 238-339 
Ruta graveolens, 109. 202 

— patavina, *01, 202 


Sabina, 57 

Saccharum officinarum, 370 
Sagina, 99 

— procumbent, 105, 220, X 3 X, 253- 

. 

Sagittana, 99 

— gramineai 279 

— guyanensis, 233 

— landfoUa, 233 

— latifolia, 233 

— sagittaeioha, 105, 233-«37 

— variabilis, 233 
Salix cor data. 193 

— glaucophylla, 293 

— petiolaris, 193 

— triandra, 207,193 

— tristis, 293 
Salomoma, 247 

— cyiindrica, 247 

— elongata, x-|.7 
Salvia pratensis, 233 

— sclarea, 232 

Samolus valerandi, loz, xxo, 223, 
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Sangiiinaria canadensis, 240 
Santalum album, xto 
S apouaria cerastioides, 156 
Sarcococca pruniformis, 385 

— ruscifolia, 285 
SarcocoUa formosa, 173 

— squamosa, 2^3 
Sarcodes sanguinea, *07 
Sarracenia purpurea, 252 
Sassafras variitolium, 1*7 
Satyrium nepalense, a <6 
Saxegothaea, 60-63, 60 

— conspicua, 60-6*, 65 
Saxifraga crasuloHa, xgz 

—granulata, xos, xxo, 149,178 
Sci^osa auoosa, *ia-*Z3 
Scavoola attenuata, 2x9 
Scheuclueria paiuatria, *37 
Schixanthua, 107 
—piunatus, **3 
Sdadopitys, 38^ 

— verUcillata, 38-40 
Sciaphila, *37 
Sclerantbut per ennla, 159 
Soopolia carsioUca. *83 
Sooraoncxa tau*S8gaya. *15 
Scrophnlaria maryUuuUca, 5*5 
ScttiTula atropurpurea, 199 

— paraaitica, Z99 
Sctttetlaiia miaor, *3* 

Secale careala, *^ 

Sadttm, 103 


— acre, 120, 147-249 
Semecarpus anacaraium, 303 
Seneciovulgaris, 96,97,107, a23-a2S 
Sequoia, 23, 41-45 

— scmpervirens, 42-4S 
Sequoiadendron: Sequoia 
Serapias Un^ae, 359 
Sesamum orientate, 220 
Sesli gracile, 305 

— montana, 205 
Scsuvium portmacastrum, 156 
Shcrardia, 99 

— arvensiB, 209-211 
Sicyos angulata, 276 
Sideritis hirsuta, 232 

— scordioides, 232 
Silene conoides, 

Silphium integrifouum, 215 

— laciniatum, 215 

— perfoliatum, 22S 

— tercbinthinaccum, 215 

— trifoliatum, 225 
Simmondsia californica, 193 


Siparuna, 228 
Siziphora tenuior, 232 
Smilacina racemosa, 284, 288 
Sobralia macrantha, 259 
Soia, 187 
Solanum, 207 

— dulcamara, 223 

— luteura, 275 

— melogena, 323 

— nigrum, 223, 275 

— sisymbrifoUum, 333 

— villosum, 223 
Solidago serotina, 225 
Sonchus arvcnsis, 225 
Sonerila wallichii, 177 
Sopubia trifida, 225 
Sparganium ramosum, 250 

— simplex, 250 
Spartium, 189 

— junceum, 289 
Spathiphyllum patinii, 284, 288 
Spathoglottis plicata, 259 
Spatbvnema foetida, 249 
Specularia perfoliata, 228 
Spermacocc hispida, 312 
Spigelia splendens, 208 
Stacbytarpbcta indica, 330 
Stangeria, i5> <7 

— paradoxa, 16 
StanbopcE ocuiata, 254, 263 
Stapbylea trifoliata, 202 
Statice bahusiensis, 327 
Steliaria media, 256 
Stcmodia viscosa, 235 
StenosiphoD linifolium, 269 
Stigmatophyllum, x8o 
Streblus asper, 105 
Streptocarpus acbimenoeflorus, 227 

— kewensis, 227 
Striga lutea, 225 
Stromantbe lutea, 243 
Stylidium adoatum, 219 

— linearis, 229 
Styphelia longifolia, 206 
Styrax californica, 208 
Sullivantia sullivantii, 250 
Suriana maritima, soa 
Swertia longifolia^ 2x6 
Symphytum ofbanale, a a* 
Symplocarpus foetidus, 349 
Syringa, 208 


TaOKTES axONATUS, 2X5 
Taiwania, 41 

— cryptomanioides, 48 
Tamarix cbinensU, 174 

— ericoidea, 274 
Taraxacum, 373'*>74 

— kok-aagbya, *15 
Taxodium, 41 

— dutichum, 45-48,48 

— mucrooatum, 48 
Taxua, 74 . 

— canadensia. 74 
Tactona grandU, *30 
TatracUms, 5* 

— artieulata, sa 
Tetragoiiolobtta, x8o 

— purouraua, 189 
Tauciium botrys, *3* 
Thatygonum cynocrambe, x6o 
^aobroma cacao, x8o 
Thaahim montauum, 199 
-^Xf^Atiattuia, X99 
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Index to Genera 


Thismia americana, ass 

— clandestina, ass 

— verateegii, ass 
Thuja. 49, 55-56 

— ocddentalis, 55-56 
Thujopsis, 49 

— dolabrata, 49-50, 52 
Thymelaea arvensis, 173 
Thymus serphyllum, 232 
Tlha platyphyllos, x8o 
TiUandsia usneoides, 24a 
Torreya, 7^ 

— califoruica, 74-77 

— nucifera, 74-76 

— taxifolia, 74-76, 78 
Toxicodendron diversiloba, 203 
Tradescantia virginiana, 240 
Trapa natans, 170-171 
Trianthema dccandra, 156 
Tribulus tcrrester, 164 
Trichosanthes anguina, 176 
Trientalis orientalis, ax6 
Trifolium, 187 

— hybridum, 189 

— minus, 187-188 

— pratcnsc, 189 

— repens, 189 

— resupinatum, 189 
Trigonella, 187 
Triglochin maritimum, 237 
Tripbasia aurantioia, 202 
Triticum durum, 278 

— spelta, 278 

— vulgare, 269. 278 
Tropaeolum. 105 

— majus, 165 
Tsuga, 24, 20, 29-30, 


— mertensiana, 30 
TuUpa, 290 

— gesnenana, 284, 288, 292 
Tumion: Torreya 
Tunica saxifraga, 156 
Tussilago farfara, 215 

Ulmtis akericana, X94, 278, 280 

— fulva, 194 

Ursinia anthcmoidcs, 215 
Urtica cannabina, 197 

— dioica, 197 

— pilulifera. p7, 107, 118, I 9 S-J 97 
Utricularia bihda, 227 

— bremii, 227 

— coerulea, 227 

— cxoleta, 227 

— intermedia, 227 

— nc^lecta, 227 

— stricta, 227 

Vaccaria^ 122 

— vaccana, 155 

Vahlia oldenlandioides, X50-Z5X 

— viscosa, 151 
Valerianella olitoria, 107, 212 
Valisneria spiralis, 233 
Vallaris heyneii, 209 
Vanda parviflora, 260 

— roxburchii, 260 

— spathulata, 260 

— tricolor, 263 
Verbascum blattaria, 225 
Verbena, 109 

— officinalis, 229-230 
Veronica arvensis, 99, 225 


Vida, 187 

— amcricana, igi 

— narbonnensis, 191 

— sepium, 191 
Vinca minor, 209 
Viola cucullata, 146 

— fimbriatula, 146 
~ tricolor, 146 
Viscum, 290 
Voyria coerulea, 216 

— parvifiora, 216 

Welwitschia, 86-92 

— intrabilis, 88-92 
Widdringtonia, 52, 55 
Wikstroemia vindiflora, 274 
Withania somnifera, 223 
Woodfordia floribunda, 167 
Wrightia tinctoria, 209 

Xanthophyllum bunoei, 285 
Xyris indica, 24Z 

Yucca olauca, 252 

Zaiaa, 13 -is, 17 
Zannichellia palustris, 239-240 
Zauschneria, 112 

— latifolia, 169-170, 294 
Zea mays, 269, 292 
Zephyrantbes texana, 274 
Zeuxine sulcata, 255, 276, 284, 288 
Zixyphus jujuba, 200 

— oenophia^ 200 
2^stera manna, 238 
Zygopetalum mackayi, 278 


Recapitulatory tables (first, second, 
third and fourth cell generation) for: — 


Senecio vulgaris . 97 

Myosurus minimus .131 

Papaver rhoeas .140 

Capsella bursa-pastor is . ..145 

Sedum acre .148 

Sagina procumbens .155 

Polygonaceae .158 

Chenopodium bonus-henricus .161 

Onagrad Type.i68 

Hypericum perforatum .179 

Geum urbanum .184 

Ruta graveolens . 201 

Senecio vulgaris .214 

Myosoiis hispida .222 

Mentha viridis .230 

Sagittaria sagittaefolia .236 

Muscari comosum .245 

Luzula forsteri .267 




















D>\Jt)OF ISSUE 


;;Tbis b;>ok must ruturm 

vnihu) 3 , 7 , 14 <i»VM A 

• NA j,t>r tUj vviJl 



Titin bitdk iH issiifil fur 
7 I) A V S <) N L . 



